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This application 1s a continuation application of U.S.
patent application Ser. No. 18/267,261, filed on Jun. 14,
2023, which 1s a National Stage of PCT/US22/40366, filed
on Aug. 15, 2022, which claims priority to U.S. Provisional
Application No. 63/233,019, filed on Aug. 13, 2021 under 35
U.S.C. § 119(e), the entire contents of all of which are
hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates generally to exhaust systems
and more particularly to improvements to exhaust systems
for removing and/or reducing harmiul exhaust gases, par-
ticulate matters, and other debris that may be generated or
emitted from an engine.

BACKGROUND OF THE INVENTION

Details 1n the background section do not constitute the
related art but are given only as background information
concerning the subject matter of the present disclosure.

Among the air pollutants gasoline and diesel engines emit
are oxides of nitrogen-NO and NO,, generically abbreviated
as NOx. Nitrogen oxides have harmiful direct effects on
human health, and 1indirect effects through the damage they
do to agricultural crops and ecosystems. Vehicle NOx emis-
sions have been regulated since the 1960s.

NOx reacts with atmospheric chemicals to form second-
ary fine particulate matter (PM2.35), or soot. Exposure to
PM2.5 can cause stroke, ischemic heart disease, chronic
obstructive pulmonary disease, lung cancer, and lower respl-
ratory infections. When combined with volatile organic
compounds and sunlight, NOx helps form ground-level
ozone, a major component ol smog. Ozone can cause or
exacerbate chronic lung diseases like asthma, chronic
obstructive pulmonary disease, or emphysema, especially
among vulnerable populations like children and the elderly,
for whom 1t may prove deadly.

NOx emissions also aflect ecosystems and agricultural
crops. Ozone pollution 1s toxic to plants and contributes to
loss of biomass, crop yields, and forest productivity. Such
pollution reduces solar irradiation, decreasing photosynthe-
s1s 1n plants and reducing their biomass. The loss 1n biomass
means less carbon 1s sequestered 1n plants, leaving more
CO, 1n the atmosphere. Such pollution can directly change
the way ecosystems work by aflecting the exchange of CO,
and water vapor across the surface of leaves, which can have
significant effects on hydrology-even changing stream
flows.

NOx 1n diesel exhaust 1s a particularly hard problem.
Creation of some amount of NOX 1n the combustion process
1s unavoidable. The basic problem with NOx emissions from
vehicles 1s, therefore, first to minimize the amount created.,
and second to remove NOx from the exhaust. The first task
1s mainly accomplished by lowering combustion tempera-
ture. The second 1s accomplished using an aftertreatment
device to cause a chemical reaction reducing NOx 1n the
exhaust to nitrogen and water and/or CO..

Too much oxygen present 1n the vehicle exhaust makes 1t
more diflicult for that chemical reaction to occur. Problem-
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atically, too little oxygen makes 1t more difficult to get nd of
other pollutants 1n the exhaust, unburned hydrocarbons and
carbon monoxide.

Diesel engines, because of their compression-ignition
design, use much more combustion air, and diesel engine
exhaust consequently contains much more oxygen than
gasoline engine exhaust (more oxygen in, more oxygen out).
That 1s an unfavorable environment for the chemical reac-
tion reducing NOx to take place 1n. The technical challenges
related to NOx control presented by light-duty and heavy-
duty diesel vehicles differ. The relative lack of physical
space 1n which to install emissions-control equipment 1s a
key challenge for cars, especially small cars.

Exhaust systems for fossil fuel burning engines (e.g.,
internal combustion engines) typically include one or more
catalytic converters and a mufller connected thereto. The
exhaust systems with one or more catalytic converters
include, but are not limited to, various vehicles (e.g., auto-
mobiles, trucks, buses, all-terrain vehicles (ATVs), etc.), as
well as electric generators, forklifts, mining equipment,
trains, motorcycles, jet skis, snow mobiles, leal blowers,
aircraft, wood stoves, etc.

Generally, a catalytic converter 1s configured to reduce
and/or convert toxic gases and pollutants of exhaust gas into
less toxic pollutants by catalyzing a redox reaction (oxida-
tion or reduction).

Modemn gasoline-engine vehicles are equipped with a
three-way catalytic converter as part of the exhaust system.
It’s called a three-way catalytic converter because 1t controls
three pollutants: carbon monoxide (CO), which combines
with oxygen in the converter to become CO,; unburned
hydrocarbons, which combine with oxygen to produce CO,
and water vapor (H, ,); and NOx, which 1s reduced over the
catalyst to nitrogen and water and/or CQO.,.

Three-way catalytic converters are eflective when an
engine operates within a narrow band of air-fuel ratios near
stoichiometry such that the exhaust gas oscillates between
rich (excess fuel) and lean (excess oxygen) conditions,
which may be between about 14.6 and 14.8 parts air to 1 part
fuel by weight for gasoline. The ratios for liqueﬁed petro-
leum gas (LPG), natural gas, and ethanol fuels 1s each
slightly different, requiring modified fuel system settings
when using those fuels. However, conversion efliciency falls
very rapidly when the engine i1s operated outside of the
narrow band of air-fuel ratios.

Because the problem of controlling NOx 1n diesel exhaust
1s more complicated, diesel vehicles require different
approaches. To begin with, most modern diesel vehicles
incorporate exhaust-gas recirculation (EGR) into their
design. EGR systems recycle a portion of the exhaust gas
back into the combustion chamber, where 1t combines with
“fresh” intake air. This reduces the oxygen content and
increases the water vapor content of the combustion mix-
ture. That has the effect of reducing peak combustion
temperature. Because more NOX 1s created as peak com-
bustion temperature rises, EGR ellectively reduces the
amount o NOx produced by the engine. However, recycling
too much of the exhaust gas increases PM2.5 and reduces
fuel efliciency, so proper design entails a delicate balance.

EGR addresses the problem of controlling NOx emissions
inside the engine cylinder, at the point where NOx forms.
Two methods are used 1n diesel vehicles to control NOx after
the exhaust has permanently exited the engine. A lean NOx
trap (LNT) uses a catalyst to temporarily store NOx from the
exhaust. At itervals (ranging from seconds to minutes,
depending on operating conditions), the engine controller
briefly increases the proportion of fuel 1n the air-fuel mixture
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being combusted. The exhaust from burning the richer
air-fuel mixture contains proportionally less oxygen and

more unburned hydrocarbons, and the stored NOx at the
catalyst reacts with hydrocarbons in the exhaust to produce
nitrogen and water and/or CO,. Selective catalytic reduction
(SCR) reduces NOx over a catalyst using ammonia as the
reductant. The ammonia 1s typically supplied in the form of
urea, which must be stored in solution in a tank on the
vehicle. For reasons relating to engine size, operating char-
acteristics, and the cost of raw maternials for the catalyst, as
a practical matter heavy-duty vehicles being produced today
use only SCR systems and light-duty vehicles can use either
SCR or LNT.

EGR, LNT, and SCR are active systems, in contrast to the
three-way catalytic converter. Their operation 1s controlled
by the vehicle’s engine control unit (which determines, for
example, the intervals at which urea solution 1s 1njected nto
the exhaust for SCR, or the air-fuel mixture 1s enriched to
regenerate the LNT) and they come with maintenance
requirements and costs both direct (e.g., a service charge to
refill a urea tank) and indirect (slightly reduced fuel
economy from running the engine rich periodically or from
recirculating exhaust gas).

When operating a gasoline or diesel vehicle at low
temperatures (e.g., during engine cold-start), exhaust sys-
tems devices are generally not catalytically active enough to
reduce engine emissions, such as hydrocarbons and NOx.
Cold-start emissions—the dangerous gases produced during
the first 60 seconds or so after ignition—represent the most
toxic segment of the engine operating cycle. In fact, more
than 70 percent of all the harmful gas emissions from a
single average drive come during this cold-start immediately
after start-up. That 1s because catalysts typically do not reach
tull efliciency until the engine exhaust gas heats the catalyst
up to the temperature at which catalytic reactions are niti-
ated within the catalytic converter. Since catalysts require a
certain temperature (typically above 300° C.) to work to tull
elliciency, emissions are significantly higher during the
warm-up phase of the car. The duration of this period and the
emissions produced depend on the ambient temperature as
well as on the mitial temperature of the car’s propulsion
systems. Indeed, for gasoline cars, in average real-world
driving conditions the majority of the CO (carbon monox-
ide) and HC (hydrocarbon) total emissions are due to
cold-start extra emissions. Moreover, the cold-start emais-
sions increase considerably at lower ambient temperatures.
In contrast, cold-start emissions of diesel cars are lower than
those of gasoline cars. Thus there exists a need to heat the
catalytic converter fast such that catalytic ignition occurs
almost from the moment of engine start-up.

The present disclosure 1s directed to overcoming one or
more of the above-referenced challenges. The background
description provided herein 1s for the purpose of generally
presenting the context of the disclosure. Unless otherwise
indicated herein, the materials described 1n this section are
not prior art to the claims in this application and are not
admuitted to be prior art, or suggestions of the prior art, by
inclusion 1n this section.

SUMMARY OF THE INVENTION

According to certain aspects of the disclosure, systems
and methods are disclosed for improving removal and/or
reduction of harmful exhaust gases, particulate matters, and
other debris from an exhaust system.

In one embodiment, there 1s a heater for an exhaust
system, the heater including a housing including a connector
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coupled to the exterior of the housing, and a first terminal
and a second terminal, each disposed to the interior of the
housing and electrically coupled to the connector; a heating
clement coupled to the first and second terminals; a heating
wire coupled to the first and second terminals; and a plurality
of heating rods inserted through opemings in the heating
clement to conduct heat from the heating wire throughout
the heating element, at least one of the heating rods to
support the heating wire, wherein the connector 1s config-
ured to receive power from a power supply that 1s external
from the heater to supply electrical current to the heating
clement and the heating wire.

In one embodiment, the heating element includes a cata-
lytic coating having two or more layers of noble metals.

In one embodiment, the noble metals include two or more
of platinum, titantum, palladium, rhodium and gold.

In one embodiment, the catalytic coating includes: a first
layer comprising titanium; a second layer comprising pal-
ladium that 1s disposed on the first layer; a third layer
comprising rhodium that 1s disposed on the second layer;
and an outermost layer comprising a ceramic material.

In one embodiment, the heating wire 1s displaced 1n at
least two planes parallel to each other.

In one embodiment, the heating wire includes a first
heating wire and a second heating wire, the first heating wire
displaced from the second heating wire.

In one embodiment, the displacement between the first
and second heating wires 1s orthogonal to the planes of the
first and second heating wires.

In one embodiment, one or more of the heating rods
include a rod portion and a tip portion.

In one embodiment, the tip portion 1s formed of an
insulative material such that electrical current does not
transier from the heating wire to the rod.

In one embodiment, one or more of the heating rods
includes a fastener disposed at the tip portion thereolf, the
fastener configured to support the heating wire.

In one embodiment, the fastener 1s formed of an insulative
material such that electrical current does not transfer from
the heating wire to the rod.

In one embodiment, the heating rods include a first length
heating rod having a first length and a second length heating
rod having a second length that 1s different than the first
length, wherein the first length heating rod supports the

heating wire at a first displacement and the second length
heating rod supports the heating wire at a second displace-
ment.

In one embodiment, the heating rods have at least two
lengths.

In one embodiment, the heater 1s provided inside a
catalytic converter.

In one embodiment, the heater 1s provided inside a cavity
ol an exhaust pipe of the exhaust system.

In one embodiment, the exhaust pipe 1s located between
at least one of an exhaust mamifold and a catalytic converter,
or the catalytic converter and a selective catalytic reduction
system (SCR), or the SCR and a mutfller of the exhaust
system.

In one embodiment, the exhaust pipe 1s located between
at least one of a diesel oxidation catalyst and a diesel
particulate filter (DPF), or between the DPF and a selective
catalytic reduction system (SCR), or between the SCR and
a mulller of the exhaust system.

In one embodiment, the exhaust pipe further includes a
dosing system having a dosing solution 1njector and a dosing
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solution reservoir that houses a dosing solution, wherein the
dosing solution 1njector i1s configured to spray the dosing
solution towards the heater.

In one embodiment, the heater 1s configured to receive
signals from a controller to control an amount of current
supplied to the heater and the timing 1n which the current 1s
supplied to the heater.

In one embodiment, the dosing system 1s configured to
receive signals from the controller to control a timing and a
duration of the dosing solution spray, whereby the supplied
current and the timing and the duration of the dosing
solution spray are based on one or more sensors located

within the exhaust pipe.

In one embodiment, the exhaust pipe further includes a
plurality of magnets arranged adjacent to an exterior surface
of the exhaust pipe to aid in disruption and slowing of the
flow of exhaust gases 1 the cavity of the exhaust pipe.

In one embodiment, the exhaust pipe includes a second
surface positioned outside of the exterior surface and the
plurality of magnets are arranged between the second sur-
face and the exterior surface of the exhaust pipe.

In one embodiment, the plurality of magnets are neo-
dymium magnets.

In one embodiment, the heating wire are formed of nickel
and chromium.

In one embodiment, the connector 1s 1solated from the
housing by a ceramic spacer.

In one embodiment, the one or more of the openings of the
heating element has a honeycomb or hexagonal shape.

In one embodiment, there 1s a structure that includes: an
exhaust pipe configured to be coupled to an exhaust system
component, the exhaust pipe mncluding a heater disposed
inside a cavity of the exhaust pipe, the heater including: a
housing, a heating wire disposed inside the housing, and a
connector attached to the housing and electrically connected
to the heating wire, wherein the connector 1s configured to
receive power from a power supply that 1s external from the
heater to supply electrical current to the heating wire,
whereby the heater 1s configured to heat gas inside the
exhaust pipe to reduce toxic gases and/or particulate matter
exiting the exhaust pipe.

In one embodiment, the exhaust system component
includes one or more of the following: an exhaust manifold,
a catalytic converter, a selective catalytic reduction system
(SCR), a diesel oxidation catalyst, a diesel particulate filter
(DPF), a selective catalytic reduction system (SCR), and a
muliiler.

In one embodiment, the exhaust pipe includes a plurality
of magnets arranged adjacent to an exterior surface of the
exhaust pipe to aid 1n disruption and slowing of the tlow of
exhaust gases 1n the cavity of the exhaust pipe.

In one embodiment, the exhaust pipe further includes a
second surface positioned outside of the exterior surface and
the plurality of magnets are disposed between the second
surface and the exterior surface of the exhaust pipe.

In one embodiment, a structure includes a heater config-
ured to be connected external to a component of a vehicle
exhaust system, the heater including a housing, a heating
clement, and a sensor; and a magnet configured to be
arranged adjacent to an exterior surface of the component to
aid 1n disruption and slowing of the flow of exhaust gases 1n
the component.

In one embodiment, the component 1s a catalytic con-
verter.

In one embodiment, the component 1s one or more of the
tollowing: an exhaust mamifold;
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a catalytic converter; a selective catalytic reduction sys-
tem (SCR); a diesel oxidation catalyst; a diesel particulate

filter (DPF); a selective catalytic reduction system (SCR); a
mufller; and an exhaust system pipe.

In one embodiment, the heater includes a first heater
configured to be connected external to a catalytic converter
and a second heater configured to be connected external to
a SCR.

In one embodiment, the heater further comprises a dosing,
system that includes a dosing solution injector and a dosing,
solution reservoir that houses a dosing solution, the dosing,
solution 1njector configured to spray the dosing solution
towards the component.

In one embodiment, the sensor includes one or more
temperature sensors and one or more gas Sensors.

In one embodiment, the structure further includes a com-
ponent gas sensor configured to be coupled to the compo-
nent.

In one embodiment, the structure further includes an
exhaust pipe gas sensor configured to be coupled to an
exhaust pipe attached to an outlet port of the component.

In one embodiment, the structure further includes an
exhaust pipe temperature sensor configured to be coupled to
an exhaust pipe attached to an outlet port of the component.

Specific eflects are described along with the above-
described eflects 1n the section of Detailed Description.

Aspects, features, and advantages of the present disclo-
sure are not limited to those described above. It 1s under-
stood that other aspects, features, and advantages not men-
tioned above can be clearly understood from the following
description and can be more clearly understood from the
embodiments set forth herein. Additionally, 1t 1s understood
that various aspects, features, and advantages described
herein can be realized via means and combinations thereof
that are described 1n the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated 1n
and constitute a part of this specification, illustrate various
exemplary embodiments and together with the description,
serve to explain the principles of the disclosed embodi-
ments.

FIG. 1 1s a cross-sectional view of a catalytic converter,
according to one or more embodiments ol the present
disclosure:

FIG. 2A 1s a side view of a filter of the catalytic converter
of FIG. 1, according to one or more embodiments of the
present disclosure;

FIG. 2B 1s a cross-sectional view of a catalyst coating of
the catalytic converter of FIG. 1, according to one or more
embodiments of the present disclosure.

FIG. 3 1s a cross-sectional view of a catalytic converter,
according to one or more embodiments of the present
disclosure:

FIGS. 4A-4B are side views of disruptor plates of the
catalytic converter of FIG. 3, according to one or more
embodiments of the present disclosure;

FIG. 4C 1s a side view of a filter of the catalytic converter
of FIG. 3, according to one or more embodiments of the
present disclosure;

FIG. 5 1s a cross-sectional view of a catalytic converter,
according to one or more embodiments of the present
disclosure:

FIG. 6 1s a cross-sectional view of a catalytic converter,
according to one or more embodiments of the present
disclosure:
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FIG. 7 1s an arrangement of the external magnets of the
catalytic converter of FIG. 6, according to one or more
embodiments of the present disclosure;

FIG. 8 1s a cross-sectional view of a catalytic converter,
according to one or more embodiments ol the present
disclosure;

FIG. 9A 1s a cross-sectional view of one of the internal
magnets of the catalytic converter of FIG. 8, according to
one or more embodiments of the present disclosure;

FIG. 9B 1s an exploded view of the internal magnets of the
catalytic converter of FIG. 8, according to one or more
embodiments of the present disclosure;

FIG. 10 1s a cross-sectional view of a catalytic converter,
according to one or more embodiments of the present
disclosure:

FIG. 11A 1s a side view of a filter of the catalytic converter
of FIG. 10, according to one or more embodiments of the
present disclosure;

FIG. 11B 1s a perspective view of a {ilter of the catalytic
converter of FI1G. 10, according to one or more embodiments
of the present disclosure;

FIG. 12 1s a perspective cutaway view ol a catalytic
converter, according to one or more embodiments of the
present disclosure;

FIG. 13 1s a partial cross-sectional view of a catalytic
converter, according to one or more embodiments of the
present disclosure;

FIG. 14 1s a perspective cutaway view of a selective
catalytic reduction system, according to one or more
embodiments of the present disclosure;

FIG. 15A 1s an end view of a filter for the selective
catalytic reduction system of FIG. 14, according to one or
more embodiments of the present disclosure;

FIG. 15B 1s a sectional view of the filter of the selective
catalytic reduction system of FIG. 14, according to one or
more embodiments of the present disclosure;

FIG. 16 1s a perspective assembly view ol an exhaust
system or an internal combustion engine that runs on gaso-
line, according to one or more embodiments of the present
disclosure:

FIG. 17 1s a partial cutaway view of an exhaust system
converter, according to one or more embodiments of the
present disclosure;

FIG. 18A 15 a perspective view ol a heater, according to
one or more embodiments of the present disclosure;

FIG. 18B 1s a perspective view of a heater, according to
one or more embodiments of the present disclosure;

FIG. 18C 1s a perspective view of heaters, according to
one or more embodiments of the present disclosure;

FI1G. 19 1s a perspective view of a heater, according to one
or more embodiments of the present disclosure;

FI1G. 20 1s a perspective view of a heater, according to one
or more embodiments of the present disclosure;

FIG. 21 1s a perspective view of a heating pin, according,
to one or more embodiments of the present disclosure;

FIG. 22 1s a cross-sectional view of a catalytic convert of
showing heaters, according one or more embodiments of the
present disclosure;

FIGS. 23 and 24 are a perspective and end view of a coil
heater, according to one or more embodiments of the present
disclosure;

FIG. 25 1s a top view of a mufller, according to one or
more embodiments of the present disclosure;

FI1G. 26 1s a sectional the mufller of FIG. 25, according to
one or more embodiments of the present disclosure;

FI1G. 27 shows an exemplary exhaust system, according to
one or more embodiments of the present disclosure;
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FIG. 28 shows an exemplary exhaust system, according to
one or more embodiments of the present disclosure;

FIG. 28 A shows an exemplary dosing solution distributor,
according to one or more embodiments of the present
disclosure:

FIG. 29 shows a schematic view of an exemplary exhaust
control system, according to one or more embodiments of
the present disclosure;

FIGS. 30A-30C show an exhaust system for a vehicle that
runs on diesel fuel, according to one or more embodiments
of the present disclosure;

FIG. 31 1s a perspective cutaway view of an oxidation
catalyst, according to one or more embodiments of the
present disclosure;

FIG. 32 1s an end view of a {ilter arranged 1n an oxidation
catalyst, according to one or more embodiments of the
present disclosure;

FIG. 33 1s an end view of a filter arranged 1n a diesel
particulate filter, according to one or more embodiments of
the present disclosure;

FIG. 34 1s an assembly view of an exhaust system for a
coal related application, according to one or more embodi-
ments of the present disclosure;

FIGS. 35A and 35B are front views of a filter arranged 1n
the catalytic converter of the exhaust system of FIG. 35;

FIG. 36 1s an exhaust system for a motorcycle, according
to one or more embodiments of the present disclosure;

FIG. 37 1s an exhaust system for a lawnmower, according,
to one or more embodiments of the present disclosure; and

FIG. 38 1s a non-battery operated exhaust system, accord-
ing to one or more embodiments of the present disclosure;

FIG. 39 1s an assembly view of an exhaust system for an
industrial power plant, according to one or more embodi-
ments of the present disclosure;

FIG. 40 1s a top view of the smoke stack shown in FIG.
34, according to one or more embodiments of the present
disclosure.

FIG. 41 1s a view of a coil heater, according to one or more
embodiments of the present disclosure;

FIGS. 42 and 43 are assembly views of an exhaust system
having an exhaust pipe heater, according to one or more
embodiments of the present disclosure;

FIG. 44 1s a view of an external heater, according to one
or more embodiments of the present disclosure;

FIG. 45 15 a view of an external heater, according to one
or more embodiments of the present disclosure; and

FIG. 46 1s an assembly view of an exhaust system having
one or more external heaters, according to an embodiment of
the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

The subject matter of the present disclosure will now be
described more fully heremafter with reference to the
accompanying drawings, which form a part thereof, and
which show, by way of illustration, specific exemplary
embodiments. An embodiment or implementation described
herein as “exemplary” 1s not to be construed as preferred or
advantageous, for example, over other embodiments or
implementations; rather, 1t 1s itended to reflect or indicate
that the embodiment(s) 1s/are “example” embodiment(s).
Subject matter can be embodied 1n a varniety of different
forms and, therefore, covered or claimed subject matter 1s
intended to be construed as not being limited to any exem-
plary embodiments set forth herein; exemplary embodi-
ments are provided merely to be illustrative. Likewise, a
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reasonably broad scope for claimed or covered subject
matter 1s intended. Among other things, for example, subject
matter may be embodied as methods, devices, components,
or systems. Accordingly, embodiments may, for example,
take the form of hardware, software, firmware, or any
combination thereof (other than software per se). The fol-
lowing detailed description 1s, therefore, not intended to be
taken 1n a limiting sense.

Throughout the specification and claims, terms may have
nuanced meanings suggested or implied 1n context beyond
an explicitly stated meaning. Likewise, the phrase “in one
embodiment” as used herein does not necessarily refer to the
same embodiment and the phrase “in another embodiment”
as used herein does not necessarily refer to a different
embodiment. It 1s mntended, for example, that claimed sub-
ject matter include combinations of exemplary embodiments
in whole or in part.

The terminology used below may be interpreted 1n its
broadest reasonable manner, even though it 1s being used in
conjunction with a detailed description of certain specific
examples of the present disclosure. Indeed, certain terms
may even be emphasized below; however, any terminology
intended to be interpreted 1n any restricted manner will be
overtly and specifically defined as such in this Detailed
Description section. Both the foregoing general description
and the following detailed description are exemplary and
explanatory only and are not restrictive of the features, as
claimed.

In this disclosure, the term “based on” means “based at
least 1n part on.” The singular forms “a,” *“an,” and “the”
include plural referents unless the context dictates other-
wise. The term “exemplary” 1s used in the sense of
“example” rather than “1deal.” The term “or” 1s meant to be
inclusive and means either, any, several, or all of the listed
items. The terms “comprises,” 7Y

comprising,” “includes,”
“including,” or other variations thereof, are intended to
cover a non-exclusive inclusion such that a process, method,
or product that comprises a list of elements does not nec-
essarily 1include only those elements, but may include other
clements not expressly listed or inherent to such a process,
method, article, or apparatus. Relative terms, such as, “sub-
stantially” and *“generally,” are used to indicate a possible
variation of 5% of a stated or understood value.

With reference now to the drawings, and in particular to
FIGS. 1-41, embodiments of exhaust systems and associated
features thereof embodying the principles and concepts of
the present disclosure will be described.

A catalytic converter includes one or more filters. The
filter may be formed of ceramic and include openings that
are honeycomb-shaped (not limited to any particular shape).
In applications where particularly high heat resistance 1is
required, metallic fo1l monolithic filters made of Kanthal
(FeCrAl) may be used. Catalytic converters may include a
catalyst coating formed of aluminum oxide, titantum diox-
1de, silicon dioxide, or a mixture of silica and alumina. The
catalyst materials may be selected to form a rough, irregular
surface, which greatly increases the surface area compared
to the smooth surface of the bare substrate. This 1n turn
maximizes the catalytically active surface available to react
with the engine exhaust. Under lean engine operation, there
may be excess oxygen and the reduction of NOx may not
tavored. Under rich conditions, the excess fuel may con-
sume the available oxygen prior to the catalyst, thus only
stored oxygen may be available for the oxidation function.
Closed-loop control systems may be necessary because of
the contlicting requirements for effective NOx reduction and
HC oxidation. The control system may prevent the NOx
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reduction catalyst from becoming fully oxidized, yet replen-
1sh the oxygen storage material to maintain its function as an
oxidation catalyst.

FIG. 1 1illustrates a cross-sectional view of a catalytic
converter 100 according to an embodiment of the present
disclosure. The catalytic converter 100 may extend along a
longitudinal (or horizontal) axis 104. The catalytic converter
100 may include an external shell 102, an inlet port 106, and
an outlet port 108. One or more filters 110 may be disposed
inside of the external shell 102. An internal structure having
a plurality of spaces (or openings) 112 may be provided or
arranged inside of the external shell 102. For example, as
shown, the spaces 112 may be provided between or adjacent
the one or more filters 110. One or more electrical heating
clements 114, which are configured to heat the inside of the
catalytic converter 100, may be arranged within the spaces
112. The heating elements 114 may include heating wires
constructed of, for example, nichrome (NiCr) wires, but are
not limited thereto. Electrical leads 116 may extend from a
power supply (not shown in the figures for clanty of
illustration) to supply electrical energy to the heating ele-
ments 114. The heating elements 114, by heating the inside
of the catalytic converter 100, significantly and substantially
improves the removal or reduction of harmful gases and
particulate matters within the catalytic converter 100 com-
pared to conventional catalytic converters. Although FIG. 1
1s explained with respect to a catalytic converter, the com-
ponents and embodiments of FIG. 1 may be directed to or
incorporated into any other exhaust converter, for example,
a selective catalyst reduction system, an oxidation catalyst,
a diesel particulate filter, exhaust pipes, etc.

FIG. 2A shows an end view of the filter 110. In one
embodiment, the filter 110 may be, for example, a metallic
or a ceramic filter including a plurality of honeycomb
shaped openings 210. The opemings 210 may be configured
to communicate gas and/or particulate matters from one end
to the opposite end of the filter 110. The shape and size of
the openings 210 of the filter 110 may vary depending on the
application of one or more exhaust systems of the present
disclosure. In one embodiment, the size of the openings 210
for the filter 110 used 1n a gasoline engine system may be
about Vis 1inch, but 1s not limited thereto. In another embodi-
ment, the size of the openings 210 for the filter 110 used 1n
a diesel engine system may be between about 4 1inch to V4
inch, but 1s not limited thereto.

In one embodiment, the filter 110 may be coated with
catalyst coating material to maximize or increase contact
between the filter 110 and the toxic or harmful gases and
particulate matters. The catalyst coating material may slow
down the flow of toxic gases and particulate matters that
may traverse from the mlet port 106 to the outlet port 108.
Additionally, the catalyst coating material may help facili-
tate rapid heating of the catalytic converter 100. Addition-
ally, the catalyst coating material may facilitate rapid heating
of the catalytic converter 100. Embodiments of the catalyst
coating and associated features thereof embodying the prin-
ciples and concepts of the present disclosure are described
hereinafter.

FIG. 2B shows a cross-sectional view of a catalyst coating
220, 1n accordance with an embodiment of the present
disclosure. The catalyst coating 220 may include a plurality
of layers 222-230. The plurality of layers may include, for
example, a first layer 222, second layer 224, third layer 226,
fourth layer 228, and a fitth layer 230. The first layer 222
may be provided on a surface of the filter 110 or comprise
the surface material of the filter itself. The first layer 222
may include, for example, a ceramic material having a
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thickness of about 0.35 to 0.8 micrometer. The top layer—
which 1s the fifth layer 230 in FIG. 2B, may also include, for
example, a ceramic material having a thickness of 0.35 to
0.8 micrometer. The first and fifth layers 222, 230 compris-
Ing one or more ceramic materials may provide protection
from potential impact or damage for the filter 110 and other
layers of the catalyst coating 220. The thickness of the first
and fifth layers 222, 230 are not limited thereto and depend
on a particular application.

In one embodiment, the second, third, and fourth layers
224,226, 228 may be sandwiched between the first layer 222
and the fifth layer 230. Further, the second, third, and fourth
layers 224-228 may include noble metals. For example, the
second layer 224 may include titanium, the third layer 226
may include palladium, and the fourth layer 228 may include
rhodium. Additionally or alternatively, gold may be used in
addition to the layers 222-230 or in combination with one or
more of the layers 222-230. For example, gold may be
sprayed (e.g., by spraying scattering spots or dots of gold) 1n
between or on top of the layers 222-230. When gold 1s
utilized 1n the catalyst coating 220, each or a combination of
the layers 222-230 may be made thinner. That 1s, the
ellectiveness of the catalyst coating 220 may be improved by
using gold 1n the layers 222-230. In one exemplary embodi-
ment of the present disclosure, the filter 110 used for a
gasoline engine system may include honeycomb shaped
openings coated with platinum, palladium, rhodium, and
ceramic. Additionally or alternatively, gold may be used.
Similarly, the filter 110 for a diesel engine system may
include hexagonal or honeycomb openings coated with
platinum, palladium, rhodium, and ceramic. Geometric sur-
face area can be an important factor for catalytic perfor-
mance. While not limited thereto, hexagonal shaped open-
ings provide better thermal mass efliciency than square
shaped openings.

The thickness of the second, third and fourth layers may
be 0.35-0.80 micrometers; however the thickness of each
layer 1s not limited thereto and depends on a particular
application. In one embodiment, the filter 110 may be baked
at a predetermined temperature after each layer of the
catalyst coating 220 1s applied. Although five layers are
shown 1n FIG. 2B for the catalyst coating 220, the number
of layers for the catalyst coating 220 may not be limited to
five. Additionally, the order of the second to fourth layers
224-228 may be interchangeable. However, the first and fifth
layers 222, 230 may be disposed preferably on the outer
layers of the second to fourth layers 224-228 to provide
protection for the noble metal layers (e.g., layers 224-228)
and the filter 110. The catalyst coating 220 according to
embodiments of the present disclosure rapidly heats up the
filter 110 and dramatically reduces or removes undesirable
exhaust gases and particulate matters.

In embodiments, the catalyst coating 220 may retain its
surface area and may prevent sintering of the catalytic metal
particles at high temperatures, for example, approximately
1000° C. or greater. As described above, the catalyst mate-
rials may be a mix of precious or noble metals. In some
embodiments, platinum may be selected as the main active
catalyst. Alternatively, platinum may not be used 1n some
embodiments. Whether the platinum 1s used may be deter-
mined, for example, based on any unwanted additional
reactions and/or costs. Additionally or alternatively, palla-
dium and rhodium may be included in the catalyst coating
220. In one embodiment, rhodium may be included in the
catalyst coating 220 used for a reduction catalyst, and
palladium may be included in the coating materials used for
an oxidation catalyst. In one embodiment, platinum may be
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included 1n the catalyst coatings to facilitate reduction
and/or oxidation. Additionally or alternatively, cerium, cop-
per, rron, manganese, and nickel may be included in the
coating materials to facilitate reduction and/or oxidation.

FIG. 3 illustrates a catalytic converter 300 according to an
embodiment of the present disclosure. The catalytic con-
verter 300 may include an external shell 302, an inlet port
306, an outlet port 308, one or more filters 310, and a
plurality of spaces 312. In this embodiment, electrical heat-
ing elements 314 may be arranged or disposed 1n the spaces
312. The heating elements 314 may include heating wires
constructed of, for example, nichrome wires, but are not
limited thereto. Electrical leads 316 may extend from a
power supply (not shown 1in the figure for clarity of 1illus-
tration and description) to supply electrical energy to the
heating elements 314.

In one embodiment, the disruptor plates 318 may be
placed at or near the mlet port 306 and the outlet port 308.
The disruptor plates 318 may be included to add or increase
agitation to the flow of exhaust gases traversing across the
filter 310. As shown 1n FIG. 3, the disruptor plates 318 may
be oriented or disposed orthogonal to a longitudinal (or
horizontal) axis 304 of the external shell 302. Similar to the
filter 110 shown 1n FIG. 1, the filter 310 may be coated with
one or more catalytic materials to maximize or increase
contact with the toxic gases and particulates and to slow
down the flow of the gases within and traversing through the
catalytic converter 300. Additionally, the heating elements
314 may further aid 1n the removal or reduction of harmiul
gases and particulate matters by heating the inside and the
components (e.g., filters 310) of the catalytic converter 300.
FIGS. 4A and 4B show an end view of the disrupter plate
318 that may include an array of holes 420 that may extend
across 1n the direction of the flow of exhaust gases and
particulate matters. The array of holes 420 may be scattered
about the disrupter plate 318 1n a uniform pattern as shown
in FIG. 4A or 1n a pseudorandom pattern as shown 1n FIG.
4B. Further, the size and shape of the holes 420 may be
varied 1n a suitable manner. FIG. 4C shows one example of
an end view of the filter 310. Similar to the filter 110 1n
FIGS. 1 and 2A, the filter 310 may include a plurality of
holes 410 and a catalyst coating having a plurality of layers
of ceramic and noble metals, similarly to the embodiments
discussed above corresponding to FIGS. 2A and 2B.

FIG. 5 depicts a catalytic converter 500 according to an
embodiment of the present disclosure. The catalytic con-
verter 300 may include one or more filters 310, heating
clements 514, electrical leads 516, secondary planar heating
clements 515, 517, disruptor plates 518, and additional
clectrical leads 519. The heating elements 514 may be
arranged or disposed 1 a plurality of spaces 512. The
clectrical leads 516 may extend from a power supply to
supply power to the heating elements 514 and the secondary
planar heating elements 515, 517 that may be arranged near
an ilet port 506 and/or an outlet port 508, adjacent to the
disruptor plates 518. The additional electrical leads 519 may
supply electrical energy to the secondary planar heating
clements 515, 517. Although some of the various elements
of the present disclosure are described as being planar or
having particular orientations, 1t 1s not required that these
geometrical restrictions be exact, and approximations
thereto are within the description of the various embodi-
ments of the present disclosure. Disruption ol normal,
substantially laminar flow of exhaust gases enhances the
clliciency of the catalytic converter 500. As such, the
removal or reduction of the toxic gasses and particular
matters exiting a catalytic converter 1s significantly
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improved by including the multiple heating elements 514,
515, 517 and disruptor plates 518.

In one embodiment, the secondary planar heating ecle-
ments 515, 517 may be disposed or arranged adjacent or
near one or more of the filters 510 instead of being disposed
adjacent or near the inlet port 306 and/or outlet port 508. The
catalytic converter 500 removes or reduces the harmiul
gases and particulate matters as they pass through the
catalytic converter 500. The secondary planar heating ele-
ments 515, 517 may be configured to heat the internal
temperature of the catalytic converter 500 to, for example,
about 800° C. to 1200° C., which aids in the removal or
reduction of the harmful gases and particulate matters within
or traversing through the catalytic converter 500. The filter
510 (see FIG. 16 for illustration of an example filtering
process) may be coated or sprayed with noble metals to aid
in maintaining an internal temperature of, for example,
about 800° C. to 1200° C. and in turn further aid in the
removal or reduction of harmiul gases and particulate mat-
ters. Additionally, similar to the embodiments described in
accordance with FIGS. 1-4, the catalytic converter 500 may
include a catalyst coating such as shown in FIG. 2B to aid
in the removal or reduction of harmful gases and particulate
matters.

FIG. 6 1llustrates a catalytic converter 600 1n accordance
with an embodiment of the present disclosure. The catalytic
converter 600 may 1nclude one or more filters 610 through
which a magnetic ficld may be maintained between an inlet
port 606 and an outlet port 608. In this embodiment, the
catalytic converter 600 1s enhanced with an encompassing
shell 602 partially or internally surrounding an external shell
603. A plurality of magnets 607 may be located or arranged
between the shells 602, 603. As shown in FIG. 7, the
plurality of magnets 607 may have a curved shape to
approximate the outer geometry of the external shell 603 and
may be provided in two sets 607a, 607b. The plurality of
magnets 607 may be disposed 1n an array having alternating,
polarities as shown i FIG. 7. In one embodiment, the
magnets 607 facing each other may have opposing polari-
ties. Alternatively, the magnets 607 may have the same
polarity and the polarity may not vary along the longitudinal
or horizontal direction of the catalytic converter 600. Having
magnets facing each other with opposite polarities results in
a stronger magnetic field. In one embodiment, the plurality
of magnets 607 may include one or more neodymium
magnets. In another embodiment, the plurality of magnets
607 may be clectromagnets. However, any suitable magnets
may be used depending on the desired application. Similar
to the embodiments disclosed in FIGS. 1-5, heaters 612, 613
may be arranged 1n one or more spaces within the catalytic
converter 600. Further, electrical leads 616, 616 may be
attached to a control unit and a power supply (not shown 1n
the figure for clarity of 1llustration) that may be configured
to switch between the heaters 612, 613 to maintain a desired
temperature, for example, by applying electric current
between about 6 to 45 amps.

FIG. 8 shows a catalytic converter 800 1n accordance with
an embodiment of the present disclosure. In this embodi-
ment, an array of magnets 807 may be placed to abut an
external shell 802 from an 1nside surface of the external shell
802. Similar to the embodiments described i accordance
with FIGS. 1-7, heating elements 814 may be arranged at or
near the spaces 812 next to one or more filters 810 with
clectrical leads 816 that power the heating elements 814.

FIG. 9A shows an end view of the magnets 807 and FIG.
9B depicts an exploded view of the magnets 807. In one
embodiment, a central core magnetic rod 809 may be
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provided as a part of the set of magnets 807. The central core
magnetic rod 809 may allow varying arrangements of polari-
ties of the magnets 507. For example, the magnets 807 that
face each other may have the same or different polarities,
which may vary along the longitudinal direction. In addition,
the central core magnetic rod 809 may be one piece extend-
ing {rom the inlet port 806 to the outlet port 808, with one
polarity at each end. Alternatively, the central core magnetic
rod 809 may be made of segments that may be separated
from each other in the longitudinal direction and have
polarities that may vary in the longitudinal direction.
Although the magnets 807 have been depicted as fixed
magnets, electromagnets may be provided 1n addition to or
alternatively, to be operated with suitable current sources
(not shown 1n the figure for clanty of illustration and
description).

FIG. 10 1llustrates a catalytic converter 1000 according to
an embodiment of the present disclosure. The catalytic
converter 1000 may include an external shell 1002, an inlet
port 1006, an outlet port 1008, one or more filters 1010, a
plurality of spaces 1012, and a plurality of heating rods
1016. In one embodiment, electrical heating elements 1014
may be arranged or disposed 1n the spaces 1012. The heating
clements 1014 may include heating wires constructed of, for
example, nichrome wires, but are not limited thereto. Elec-
trical leads 1018 may extend from a power supply to supply
clectrical energy to the heating elements 1014.

FIG. 11 A shows an end view of the filter 1010 of FIG. 10.
In one embodiment, the filter 1010 may be, for example, a
metallic or a ceramic filter including a plurality of honey-
comb shaped openings 1110. The openings 1110 may be
configured to communicate gas and/or particulate matters
from one end to the opposite end of the filter 1010. The
shape and size of the openings 1110 of the filter 1010 may
vary depending on the desired application of the exhaust
system ol the present disclosure. In one embodiment, the
size ol the opemings 1110 for the filter 1010 used 1n a
gasoline engine system may be about Vis inch, but 1s not
limited thereto. In another embodiment, the size of the
openings 1110 for the filter 1010 used 1n a diesel engine
system may be between about & inch to 4 inch, but 1s not
limited thereto. Further, the plurality of rods 1016 may be
inserted into the plurality of openings 1110. The plurality of
rods 1016 may extend from one end of the filter 1010 to the
other end across the entire length of the filter 1010. In some
embodiments, the plurality of rods 1016 may extend par-
tially through the filter 1010, 1nstead of extending across the
entire length of the filter 1010. The plurality of rods 1016
may facilitate rapid heating of the filter 1010 by quckly
conducting the heat generated inside of the catalytic con-
verter 1000 and transierring the heat to the filter 1010. The
number and location of the plurality of rods 1016 used in the
filter 101 may be determined based on the amount or level
of backpressure generated within the exhaust system using
the catalytic converter 1000. Accordingly, the number of
plurality of rods 1016 may be determined at least on the
shape and size of the filter, size of the openings 1110 of the
filter 1010, etc. Preferably, the level of backpressure mea-
sured with the plurality of rods 1016 inserted into the filter
1010 may be zero.

In one embodiment, the one or more filters 1010 may be
coated with catalyst coating materials to maximize or
increase contact between the filters 1010 and the toxic gases
and particulate matters. The catalyst coating materials may
slow down the flow of toxic gases and particulate matters
that may traverse from the inlet port 1006 to the outlet port
1008. Additionally, the catalyst coating materials may facili-
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tate rapid heating of the catalytic converter 1000. Embodi-
ments of the catalyst coating and associated features thereof
embodying the principles and concepts of the present dis-
closure are described hereinafter. The one or more filters
1010 may be coated with catalyst coating maternials 1n the
same manner as described above with respect to FIG. 2B.

FIG. 11B shows a perspective view of the filter 1010 of
FIG. 10 including the plurality of rods 1016. In one embodi-
ment, the plurality of rods 1016 may be inserted into the
plurality of openings 1110. Further, the plurality of rods
1016 may extend from one end of the filter 1010 to the other
end across the entire length of the filter 1010. In some
embodiments, the plurality of rods 1016 may extend par-
tially through the filter 1010, 1nstead of extending across the
entire length of the filter 1010. As described above, the
number and location of the plurality of rods 1016 may
depend on the level of backpressure measured 1n the exhaust
system utilizing the catalytic converter 1000. By utilizing
the plurality of rods 1016, 1n addition to the catalyst coating,
1120 described 1n accordance with FIG. 2B above, the
catalytic converter 1000 may be rapidly heated to dramati-
cally improve the removal and reduction of the toxic or
harmiul gasses and particulates generated 1 a fossil fuel
based internal combustion engine.

FI1G. 12 1llustrates a catalytic converter 1200 according to
one exemplary embodiment of the present disclosure. In
addition to the elements shown i FIG. 12, the catalytic
converter 1200 may include one or more features disclosed
in accordance with the embodiments shown 1n FIGS. 1-11.
The catalytic converter 1200 may include a first housing (or
shell) 1212, a second housing (or shell) 1214 that may be
encompassed by the first housing 1212, an inlet 1216 where
exhaust gases enter the first housing 1212 and an outlet 1218
where the exhaust gases exit the first housing 1212. Within
the internal cavity of the first housing 1212, between the
inlet 1216 and the outlet 1218, a first filter 1226, and a
second filter 1228. The first filter 1226 1s configured to
oxidize harmful exhaust gases and in particular carbon
dioxide. The second filter 1228 may be configured to further
reduce/eliminate harmiul exhaust gases including, but not
limited to, carbon dioxide, carbon monoxide, and nmitrogen
oxide, as well as hydrocarbons, and other harmful chemi-
cals. The filters 1226, 1228 may be formed of ceramic or
metallic materials.

The first filter 1226 and the second filter 1228 may
include, for example, ceramic filters including a plurality of
honeycomb shaped opemings that may be coated with a
catalyst coating 1229 with one or more noble metals. The
first filter 1226 and the second filter 1228 may include a
plurality of heating rods 1230 that may extend through the
honeycomb structure. A plurality of heating rods 1230
formed, for example, of a heat-treated metal or alloy (e.g.,
copper or steel), may extend longitudinally or horizontally
across the filters 1226, 1228 such that one end of each
heating rod 1230 is orientated generally toward the inlet
1216 and the other end of each heating rod 1230 1s orientated
generally toward the outlet 1218 of the catalytic converter
1200. Additionally or alternatively, the heating rods 1230
may be arranged to traverse about the filters 1226, 1228. In
one embodiment, each heating rod 1230 in the first filter
1226 may extend from one end of the first filter 1226 to the
other end of the first filter 1226 over the entire length of the
first filter 1226. Similarly, each heating rod 1230 in the
second filter 1228 my extend from one end of the second
filter 1228 to the other end of the second filter 1228 over the
entire length of the second filter 1228. Alternatively, one or
more heating rods 1230 may partially extend across the first
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filter 1226 and/or the second filter 1228. As addressed
turther below, the heating rods 1230 function to transfer heat
into the filters 1226, 1228 and the heated rod mass within the
filters 1226, 1228 facilitates maintaining a constant tempera-
ture eflectively within the catalytic converter 1202. Addi-
tionally, between the first housing 1212 and the second
housing 1214, a plurality of magnets 1232 may be arranged
and disbursed. While the placement of the magnets 1232 1s
shown between the housings 1212, 1214, the magnets 1232
may be placed on or within both filters 1226, 1228, within
the first cavity 1222 and/or external of the first housing
1212. In one embodiments, the number of heating rods 1230
may be determined by the size of the filters 1226, 1228. For
example, for a filter having a si1ze of about 12x5 1nch, about
6 to 8 rods may be provided. The number of the rods may
be based on the backpressure of the exhaust system. In one
embodiment, the size of the filter may be modified to reduce
or eliminate the exhaust air flow backpressure.

To facilitate monitoring the amount of oxygen in the
exhaust gas, an oxygen sensor 1220, which communicates
with an electronic control umt, may be disposed or fixed
external or internal to the catalytic converter 1200. The
oxygen sensor 1220 1s configured to measure the amount of
oxygen (or the concentration of combustibles) in the exhaust
gases leaving the engine. An exhaust system may have both
upstream and downstream oxygen sensors 1220. Upstream
oxygen sensors 1220 are located before the catalytic con-
verter 1200, while downstream sensors are located after the
catalytic converter 1200. The engine computer, which 1s
often referred to as the powertrain control module (PCM),
may use data from the upstream oxygen sensor 1220 to
regulate the engine’s fuel mixture. Meanwhile, the PCM
may use the signal from the downstream oxygen sensor
1220 for monitoring the health of the catalytic converter
1200.

The oxygen sensor 1220 may extend into a first cavity
1222 of the first housing 1212, downstream of the inlet 1216
and before the first filter 1226. To increase the internal
temperature of the catalytic converter 1202 above a thresh-
old temperature, an electric heater 1224 extending into the
first cavity 1222 from outside of the second housing 1214,
may be disposed upstream of the first filter 1226. The heater
1224 may be connected to a power source and an electronic
control umit that may be arranged external to the catalytic
converter 1202 and may be configured to heat the interior of
the catalytic converter 1200 above a threshold temperature.
The power source and the electronic control umt may
control the heater 1224 based on temperature sensor data
provided by a temperature sensor 1245 that may be arranged
near the outlet 1218. The heater 1224 depicted 1in FI1G. 12
may include a wound metal coil 1225. However, the heater
1224 may take any form (further described later in detail
below) to ensure rapid internal heating of the catalytic
converter 1200. While the heater 1224 1s shown to extend
into the catalytic converter 1200 1n FIG. 12 before the filters
1226, 1228 more than one heater 1224 may be arranged to
extend into the catalytic converter 1200. For example, the

heater(s) 1224 may be arranged within one or more of the
filters 1226, 1228, or within the first cavity 1222 and/or a

second cavity 1223, between the filters 1226, 1228, etc. As
such, the placement of the heater(s) 1224 1s not limited to the
embodiment shown 1n the figures of the present disclosure.
Further, one or more heaters with varying designs in accor-
dance with the present disclosure may be arranged entirely
within the cavities 1222, 1223 of the catalytic converter
1200 at any position within the first housing 1212 and/or the
second housing 1214 and/or may be fixed external to the
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catalytic converter 1200 and/or fixed within or external to
the tubing 1206 that 1s located directly upstream of the
catalytic converter 1200.

FIG. 13 1llustrates an exemplary catalytic converter 1300
according to an embodiment of the present disclosure. The

catalytic converter 1300 may include a first heater 13135 1n
front of a filter 1325, and a second heater 1317 behind the

filter 1325. Additionally, temperature sensors 1326, 1327
may be placed adjacent or near the first and second heaters
1315 and 1317 to momitor the internal temperature of the of
the catalytic converter 1300 and to ensure that proper
internal temperature 1s maintained. As shown 1n FIG. 13,
various gases may enter and catalytic converter 1300 to be
reduced or removed by the catalytic converter 1300 accord-
ing to embodiments of the present disclosure.

FIG. 14 shows a selective catalytic reduction system
(SCR) 1400 in accordance with an embodiment of the
present disclosure. In one embodiment, the SCR 1400 may
be arranged downstream of a catalytic converter or other
exhaust converters (e.g., oxidation catalyst and/or a diesel
particulate filter) in accordance with embodiments of the
present disclosure. The SCR 1400 may be coupled down-
stream to a catalytic converter (or other exhaust converter)
by a tubing 1606 (shown in FIG. 16). The SCR 1400 1s
configured to reduce nitrogen oxide (NO,) gases by oxidiz-
ing the mitrogen oxide gases and converting them into
harmless exhaust emissions (e.g., nitrogen, water, and a
small amount of carbon dioxide) that are emitted out of the
exhaust system of the present disclosure and 1nto the envi-
ronment. In one embodiment, the SCR 1400 reduces the
exhaust emissions without the need to mcorporate a liquid-
reductant agent into the exhaust stream to reduce the amount
of nitrogen oxide. In other embodiments, SCR 1400 may
include one or more 1njectors to inject a liquid reductant
agent (e.g., urea) to facilitate the reduction or removal of
harmtful exhaust emissions. One source of urea 1s AdBlue,
which comprises about 32.5% high quality urea dissolved in
distilled water.

As 1llustrated 1 FIG. 14, the SCR 1400 may include a
filter 1440, a plurality of heating rods 1446, and a heating
clement 1424. The heating element 1424 depicted 1n FI1G. 14
may include a wound metal coi1l 1425. However, the heating
clement 1424 may take any form (further described later 1n
detail below) to ensure internal heating of the SCR 1400.
Further, as shown 1n FIG. 15A, the filter 1440 may 1nclude
a plurality of honeycomb shaped openings 1547. The spe-
cific shape and size of the openings 1547 1s not limited
thereto, and any suitable shape and size may be used
according to the desired application of the SCR 1400. In one
embodiment, the plurality of heating rods 1446 may be
inserted nto the honeycomb shaped openings 1547. FIG.
158 shows a partial perspective view of the filter 1440. In
addition to the honeycomb shaped openings 1547, the filter
1440 may include a plurality of holes 1542 that may be
dispersed about the filter 1440. The plurality of holes 1542
may be included to further disrupt the flow of exhaust gases
from a laminar path and to slow down the gases from exiting
the SCR 1400. The filter 1440, similar to the filters disclosed
in the embodiments of FIGS. 1-13, may be coated with a
catalyst coating 1548 1n the same manner as described above
with respect to FIG. 2B.

In one embodiment, the heating rods 1446 may extend
longitudinally through the honeycomb structure such that
the one end of each heating rod 1446 may be orientated
generally toward an inlet of the SCR 1400 and the other end
of each heating rod 1446 may be orientated generally toward
an outlet of the SCR 1400. The heating rods 1446 may
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include a heat-treated metal or alloy (e.g., copper or steel).
The heating element 1424 may communicates with an
clectronic control unit, and may extend into the SCR 1400

upstream of filter 1440. Similar to the filters of the foregoing
embodiments disclosed in FIGS. 1-13, the heating rods 1446

and the catalyst coating 1548 of the filter 1440 of the SCR
1400 facilitate rapid heating and ensure that the internal
temperature across the filter 1440 1s suiliciently maintained.
Additionally or alternatively, the SCR 1400 may include one
or more nitrogen oxide or O, sensors that may be monitored
and controlled by the electronic control unit for controlling
the heating element 1424.

By increasing the internal temperature of the SCR 1400,
additional harmitul chemicals and particulates of the exhaust
gas are burned ofl. The filter 1440 facilitates to trap and/or
slow the flow of the exhaust gases passing across the internal
cavity of the SCR 1400 through the honeycomb shaped
openings 1547. The catalyst coating 1548 {facilitates to
turther slow and disrupt the tlow of the exhaust gases such
that additional harmful exhaust emissions may be heated
above a threshold temperature (that exceeds a normal oper-
ating temperature within the SCR 1400 absent the heating
clement 1424) and burn off prior to exiting the SCR 1400.
In addition to the heating rods 1446 and the catalyst coating
1548, a plurality of magnets (not shown in the figures for
clanity of illustration) may be arranged and disbursed inter-
nal or external to the SCR 1400 similar to the foregoing
embodiment of FIGS. 6-9B.

Similar to the magnets 1232 1n the catalytic converter
1200, the polarity of the magnets may further disrupt and
slow the flow 1550 of exhaust gases and particulates as they
pass over the filter 1440 by increasing the electric current in
the vicimity of the magnets to disrupt and to slow the tlow of
exhaust gases and particulates which 1 turn allows for
heating of the exhaust gases for a longer period of time
within the SCR 1400 and in turn further oxidization and
reduction of toxic byproducts of exhaust gases. Additionally
or alternatively, the magnets may be arranged between the
filter 1440 and the selective catalytic reduction system 1400,
and/or external the selective catalytic reduction system 1400
housing. Because the temperature within the SCR 1400 may
become very high, the magnets may be capable of operating
at the expected maximum temperature without suilering
degradation (e.g., AIN1Co magnets).

FIG. 16 shows an exhaust system 1600 according to an
embodiment of the present disclosure. In one embodiment,
the exhaust system 1600 may be configured or designed for
an internal combustion engine that utilizes gasoline. The
exhaust system 1600 may include a catalytic converter 1602,
a selective catalytic reduction system (SCR) 1604, one or
more electric heaters 1624, one or more heat sensors 1630,
one or more gas (or oxygen or O,) sensors 1655, and a
muiller 1608. The catalytic converter 1602 may be coupled
to the SCR 1604 via a first tubing 1606, and the SCR 1604
may be coupled to the mufller 1608 via a second tubing
1610, as shown 1n FIG. 16. The heat sensor 1630 may be
configured to detect the temperature of the exhaust gas prior
to exiting the catalytic converter 1602. The heat sensor 1630,
which may be connected to an electronic control umt (ECU),
may be located near the inlet 1616 and/or outlet 1618 of the
catalytic converter 1602.

In one exemplary embodiment, upon startup of an engine
from a cold start, one or more electric heaters 1624 may be
simultaneously turned on by the electronic control unit to aid
in heating the internal temperature of the catalytic converter
1602 above the temperature of the exhaust gases and par-
ticulate matter. The one or more electric heaters 1624 may
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remain on aiter reaching a desired temperature or may be
turned off and then turned back on 1f the temperature within
the catalytic converter 1602 drops below a predetermined
threshold temperature. The electronic control unit which
may recerve mput signals from one or more thermometers
and other sensors and may generate a signal to control the
activity of the one or more electric heaters 1624. A plurality
of rods (not shown 1n the figures for clanty of illustration)
may extend longitudinally or horizontally within the filters
1626, 1628 1n an assembled state within the catalytic con-
verter 1602. The rods may provide a conduit for more rapid
heat transier from the one or more electric heaters 1624
through the filters 1626, 1628, and thereby accelerate heat-
ing the internal temperature of the catalytic converter 1602
to a desired internal temperature and aid 1n maintaining the

desired internal temperature above a threshold across the
surface area of the filters 1626, 1628, and a cavity 1622 of

the catalytic converter 1602 to oxidize harmiful exhaust
gases at least throughout the filters 1626, 1528 and sur-
rounding internal surface areas.

By increasing the internal temperature of the catalytic
converter 1602 to a temperature greater than the normal
operating temperature of the catalytic converter 1602, harm-
tul chemicals and particulates that are part of the exhaust gas
are oxidized and/or burned ofl before exiting the catalytic
converter 1602 more efliciently than 1 a conventional
catalytic converter. The filters 1626, 1628 facilitate to trap
and/or slows the tlow of the exhaust gases as they passes
across the internal cavity of the catalytic converter 1602
through the honeycomb openings, and the noble metal filter
coating (not shown 1n the figure for clarnty of 1llustration and
description) aids to further slow and disrupts the tlow of the
exhaust gases across the cavity 1622 such that more of the
harmiul exhaust emissions can be heated above a threshold
exhaust gas temperature and oxidize and/or burn off prior to
exiting the catalytic converter 1602. The threshold tempera-
ture may be optimized for any given configuration based on
the amount of additional oxidization/burn off desired based
on the exhaust system 1600 components and other factors.

In one embodiment, the polarities of magnets 1632 aid to
turther disrupt and slow the flow of exhaust gases and
particulates as they pass through the catalytic converter 1602
by 1ncreasing the electric current within the cavity 1622 of
the catalytic converter 1602. Disrupting and slowing the
flow of exhaust gases and particulates allows for heating of
the exhaust gases for a longer period of time within the
cavity 1622 of the catalytic converter 1602 and in turn
turther oxidization and reduction of toxic byproducts of
exhaust gases. Because the temperature within the catalytic
converter 1602 may be very high, the magnets 1632 may be
configured to operate at the expected maximum temperature
without suffering degradation (e.g., AIN1Co magnets, neo-
dymium magnets, etc.).

Similar to the SCR 1400 described according to FIGS.
14-15B, the SCR 1604 may be configured to reduce nitrogen
oxide (NO, ) gases by oxidizing the nitrogen oxide gases and
converting them into harmless exhaust emissions (e.g.,
nitrogen, water, and a small amount of carbon dioxide) by
rapidly heating the SCR 1604 through a plurality of rods and
a catalyst coating according to the foregoing embodiments
of FIGS. 1-15B. Upon exiting the SCR 1604, the remaining
exhaust gases may flow through the tubing 1610 that con-
nects the SCR 1604 and into the mu: ﬂer 1608. The mutiller
1608 may be configured to reduce or “muflle” engine noise,
and may further reduce remaiming harmiul exhaust gases
and cool the exhaust temperature.
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FIG. 17 illustrates an exhaust converter 1700 1n accor-
dance with an embodiment of the present disclosure. The
exhaust converter 1700 may be utilized 1n a gasoline or a
diesel based engine system. Further, the exhaust converter
1700 may be designed or configured to be used as, for
example, a catalytic converter, an SCR, oxidation catalyst, a
diesel particulate filter (DPF).

In one embodiment, the exhaust converter 1700 may
include a first heater 1720, a first filter 1721, a second heater
1726, and a second filter 1728. The first heater 1720 may
receive power from a power supply (not shown for clarity of
illustration and description) via a first connector 1724, and
the second heater 1726 may receive power from the power
supply via a second connector 1734. The first heater 1720
and the first filter 1721 may be an itegrated unitary device.
Alternatively, the first heater 1720 and the first filter 1721
may be separate devices that may be combined or attached
together via any suitable securing means (e.g., via welding,
screws, bolts, etc.). Similarly, the second heater 1726 and the
second filter 1728 may be an integrated unitary device.
Alternatively, the second heater 1726 and the second filter
1728 may be separate devices that may be combined or
attached together via any suitable securing means (e.g., via
welding, screws, bolts, etc.). The first heater 1720 and the
second heater 1726 may be different types of heaters, as
shown 1n FIG. 17. Alternatively, the first heater 1720 and the
second heater 1726 may be the same type of heaters.

In one embodiment, the first heater 1720 may include a
heating element 1722. The heating element 1722 may be
made of, for example, a metallic material, and the heating
clement 1722 may include a plurality of openings (e.g.,
honeycomb shaped openings). Additionally, the first heater
1720 may 1nclude a plurality of heating rods 1716 extending
across the first heater 1720 1n a horizontal direction. The
heating rods 1716 may fully extend horizontally from one
end to the other end of the first heater 1720. Alternatively,
the heating rods 1716 may partially extend horizontally
within the first heater 1720. Further, the heating rods 1716
may be iserted into the plurality of openings of the heating
clement 1722. In one embodiment, the heating rods 1716
may include, for example, a heat-treated metal or alloy (e.g.,
copper or steel)

In one embodiment, the first heater 1720 may be heated
by applying electric potential between the first connector
1724 and a housing 1723 (e.g., a metal housing) of the first
heater 1722. The first connector 1724 and the housing 1723
may be configured to function as a first and second terminals
(e.g., positive and negative (or ground) terminals). The
heating element 1722 and the housing 1723 may be electri-
cally coupled to a power supply. As such, the first heater
1720 may rapidly heat up when an electric potential 1s
applied by the power supply to induce current to pass
through the first heater 1720. Accordingly, the housing 1723,
the heating element 1722, and the heating rods 1716 may
facilitate rapid heating of the first heater 1720. For example,
the heating rods 1716 facilitates transferring the heat gen-
erated 1nside of the first heater 1720 to the heating element
1722. The heating element 1722 may function as a filter that
may aid in the removal and reduction of the exhaust gases
and particulate matters. The first filter 1721 may be made of
a ceramic or a metallic maternial depending on the desired
application of the exhaust converter 1700. Similar to the
catalytic converters and the SCRs described 1n accordance
with the foregoing embodiments of FIGS. 1-16 above, the
first filter 1721 may include a plurality of heating rods (not
shown 1n the figure for the clarty of illustration) and a thin
catalyst coating. Accordingly, the heat generated from the
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first heater 1720, the thin catalyst coating, and the plurality
ol heating rods may facilitate rapid heating the first filter
1721.

In one embodiment, the second heater 1726 may include
one or more heating wires 1727. As shown 1n FIG. 17, the
heating wires 1727 may be arranged in a web pattern.
However, any suitable shape and/or size of the heating wires
1727 may be utilized. The heating wires 1727 may be
coupled to the second connector 1734. In this embodiment,
the second heater 1726 may be heated by applying electric
current to the heating wires 1727. The power supply may be
configured to provide electric current to the first and second
connectors 1724 and 1734 simultaneously or sequentially.
The heat generated by the heating wires 1727 may heat the
second filter 1728. The second filter 1728 may include a
plurality of heating rods 1730. In some embodiments, the
heating wires 1727 may be attached to the heating rods 1730
to prevent potential damage to the heating wires 1727 that
may be caused by vibrations or other internal or external
movements or forces. The second filter 1728 may be made
of a ceramic or a metallic material depending on the desired
application of the exhaust converter 1700. Similar to the
catalytic converters and the SCRs described 1n accordance
with the foregoing embodiments of FIGS. 1-16 above, the
second filter 1728 may include a thin catalyst coating.
Accordingly, the heat generated from the second heater
1726, the thin catalyst coating, and the plurality of heating
rods 1730 may facilitate rapidly heating of the second filter
1728. In some embodiments, the first filter 1721 and/or the
second filter 1728 made of metallic materials may be
clectrically coupled to one or more terminals of the power
supply to further aid in rapid heating of the first filter 1721
and/or second filter 1728. Further, the locations of the first
heater 1720 and the second heater 1726 are not limited as
shown i FIG. 17. The locations of the first and second
heaters 1720, 1726 may be suitably determined based on the
desired application of the exhaust converter 1700.

It 1s understood that the first heater 1720 may include both
a heating element 1722 and one or more heating wires such
as heating wires 1727 (see, e.g., FIG. 19). Likewise, the
second heater 1726 may include one or more heating wires
1727 and a heating element and such as heating element
1722 (see, e.g., F1G. 19). As noted, the heating element 1722
may function as a filter that may aid in the removal and
reduction of the exhaust gases and particulate matters.

FIGS. 18A-23B show various exemplary heaters and
components that may be incorporated 1nto any of the fore-
going embodiments disclosed in FIGS. 1-17. FIG. 18A
illustrates a perspective view of a heater 1800 according to
an embodiment of the present disclosure. The heater 1800
may include a housing (or a chassis) 1802, one or more
heating wires 1804, and a connector 1806. In one embodi-
ment, the heating wires 1804 may be coupled to the housing
1802 and the connector 1806. For example, one end of a
heating wire 1804 may be coupled to the housing 1802 and
the other end of the heating wire 1804 may be coupled to the
connector 1806. As shown 1n FIG. 18A, the connector 1806
may include one or more terminals configured to receive
clectric current from a power supply and one or more
ceramic portions 1808 that function as electrical insulators
to provide electrical msulation between the surface of the
housing 1802 and the connector 1806. The one or more
terminals may be, for example, a positive (or negative)
terminal of the connector 1806. The housing 1802 may be
configured as a negative (or positive) terminal or ground.

In one embodiment, the heating wires 1804 may include
a spiral (or zig-zag) shape, as shown 1n FIG. 18A. However,
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the heating wires 1804 may have any suitable shape depend-
ing on the desired application of the heater 1800. The
heating wires 1804 may be made of a chrome-nickel resis-
tance material having a thickness of about 1.2 mm. The
thickness and length of each of the heating wires 1804 may
be determined based on the amount (or level) of current
applied to the heating wires 1804. For example, a length of
about 40 cm may be used for an electric current supply of
about 48 to 60 amperes. For about 30 amperes of current
supply, a length of about 20 ¢cm may be used. In some
embodiments, a plurality of heating wires 1804 may be used
by connecting, for example, an end of each of the plurality
of heating wires 1804 to each of a plurality of positive
terminals of the connector 1806, while connecting all of the
other ends of the plurality of heating wires together to a
single negative terminal on the surface of the housing 1802.
Accordingly, the supply current may be divided into the
plurality heating wires 1804, thereby reducing the total

amount of current supplied by the number of heating wires
1804. The thickness and length of each of the plurality of

heating wires 1804 may be calculated relative to the level of
the current supplied to the heating wires 1804. Utilizing a
plurality of heating wires 1804 may allow each of the
heating wires 1804 to be shorter and thinner. Thus, the
heating wires 1804 may heat up substantially quicker than a
single heating wire having a larger thickness and length.

FIG. 18B shows a perspective view of a heater 1810
according to another embodiment of the present disclosure.
The heater 1810 may include heating wires 1814 having a
web shape (not limited thereto), a housing (or chassis) 1821,
and a plurality of rods 1818 configured to hold the heating
wires 1814 1n place. The heating wires 1814 may heat up
when current 1s supplied by a power supply via the connec-
tor 1816. The connector may include a positive terminal and
a negative terminal. In some embodiments, the housing 1812
may be configured as a negative terminal or a ground.
Similar to the heating wires 1804 disclosed according to the
embodiment of FIG. 18A described above, the shape, thick-
ness, and length of the heating wires 1814 may be deter-
mined 1n relation to the level of current supplied from the
power supply. The heater 1810 may be arranged, for
example, about 1 to 1.5 inches in front of a ceramic
honeycomb filter.

FIG. 18C 1illustrates a detailed view of heaters 1830

according to another embodiment of the present disclosure.
As shown 1n FIG. 18C, the heaters 1830 may be designed to
include different sizes and patterns. The heaters 1830 may be
made of metallic materials configured to heat up rapidly
when electric current 1s applied to the heaters 1830. The
heaters 1830 may be used additionally or alternatively to any
of the heaters disclosed 1n the embodiments of FIGS. 1-18B.

FIG. 19 1llustrates a heater 1900 according to an embodi-
ment of the present disclosure. The heater 1900 may include
a housing 1902, a first terminal 1903, a second terminal
1904, one or more heating wires 1906 (although only one 1s
shown, multiple levels of the heating wires, similar to the
heating wires 1804 shown 1n FIG. 18 A, may be utilized), a
heating element 1908, a plurality of heating rods 1910, and
a connector 1912. The housing 1902 may be a metallic
housing.

The first terminal 1903 may be a positive (or negative)
terminal, and the second terminal 1904 may be a negative
(or positive) terminal or ground. In one embodiment, the
first terminal 1903 may be electrically coupled to the con-
nector 1912, and the second terminal 1904 may be electri-
cally coupled to the housing 1902.
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The heating wire 1906 may be electrically coupled
between the first terminal 1903 and the second terminal
1904. In this embodiment, the connector 1912 may be
configured to receive electric current from a power supply
and may function as a positive (or negative) terminal.
Further, the housing 1902 may be configured to function as
a negative (or positive) terminal or ground. Accordingly, an
clectrical potential supplied by the power supply between
the positive terminal 1903 (e.g., via the connector 1912) and
the negative terminal 1904 (e.g., via the housing 1902) may
induce electric current between the first terminal 1903 and
the second terminal 1904. Accordingly, the heating wire
1906 coupled between the first terminal 1903 and the second
terminal 1904 may heat up based on the level of supplied
current. Additionally, the heating element 1908, which may
include a metallic matenal, may be electrically coupled to
the first and/or second terminals 1903, 1904, and may also
heat up as a result of the current being supplied.

Heating rods 1910 may further facilitate heating up the
heating element 1908 by rapidly conducting heat that may
be generated by the heating wire 1906. In one embodiment,
the heating rods 1910 may be inserted into the opemings of
the heating element 1908 and may extend from one end of
the heating element 1908 to the other end of the heating
clement 1908. The heating rods 1910 may also include rods
that may partially extend from one end of the heating
clement 1908 to the other end of the heating element 1908.
Further, the heating rods 1910 may act as supports config-
ured to hold the heating wire 1906 1n place. In this example,
the heating rods 1910 partially extend from one end of the
heating element 1908 to the other end of the heating element
1908.

In one embodiment, the heating wire 1906 may include a
spiral shape, as shown in FIG. 19. However, specific shape
and size of the heating wire 1906 may not be limited thereto,
and may have any suitable shape or size depending on the
desired application of the heater 1900. Similar to the heating
wires 1804, the heating wire 1906 may be made of a
chrome-nickel resistance material having, preferably, a
thickness of about 1.2 mm. The length of the heating wire
1906 may be determined based on the amount (or level) of
current applied to the heating wire 1906. For example, a
length of about 40 ¢cm may be used for an electric current
supply of 48 amperes. For 30 amperes of current supplied,
a length of about 20 cm may be used. As such, the length and
thickness of the heating wire 1906 may be calculated
relative to the level of the current supply. In some embodi-
ments, a plurality of heating wires 1906 may be utilized
similar to heating wires 1804.

In one embodiment, heating element 1908 may act as a
filter and may include a catalyst coating 1n accordance with
the foregoing embodiments of FIGS. 1-18C. The catalyst
coating may further facilitate rapid heating of the heater
1900. Additionally or alternatively, one or more magnets 1n
accordance with the embodiments of FIGS. 6-9B may be
placed or arranged 1n a cavity (or space) 1914 between the
housing 1902 and the first and second terminals 1903, 1904
to facilitate rapid heating of the heater 1900. As such, the
heater 1900 may be rapidly heated by via one or more
combinations of at least the heating wires 1906, heating rods
1910, a catalyst coating, and/or magnets 1n accordance with
the embodiments of FIG. 19.

FI1G. 20 illustrates a perspective view of the heater 2000
according to an embodiment of the present disclosure.
Similar to the heater 1900 of FIG. 19, the heater 2000 may
include a housing 2002, a first terminal 2004, a second
terminal 2006, a heating element 2008, a plurality of heating,

10

15

20

25

30

35

40

45

50

55

60

65

24

rods 2016, and one or more heating wires (not show for
clanty of illustration and description). The heater 2000 may
function similarly to the heater 1900 disclosed in the fore-
going embodiments of FIG. 19. In one embodiment, the
plurahty of heating rods 2016 may be inserted into the
openings of the heating element 2008. The plurality of
heating rods 2016 may include a metallic material, and the
plurality of heating rods 2016 may secure the heating wires
(e.g., heating wires, 1804, 1814, and/or 1906).

FIG. 21 illustrates one exemplary heating rod 2016
according to an embodiment of the present disclosure. The
heating rod 2016 may include a rod portion 2106 made of
metal (e.g., a heat-treated metal or alloy (e.g., copper or
steel)) and a tip portion 2104 made of an aluminum alloy
having an insulative property. Accordingly, the tip portion
2104 may prevent passage ol current through the heating rod
2016, so as to prevent any shorting or overheating of the
heating rod 2016.

Further, the heating rod 2016 may include a clip 2102
(e.g., Tastener) configured to secure the heating wires 1n
place. In one embodiment, a heating wire may be snapped
into an opening 2103 of the clip 2102. The opeming 2013
may have any suitable shape similar to the heating wire, so
as to secure the heating wire 1n the clip 2102. The clip 2102
may be an electrical isulator configured to prevent passage
of current through the corresponding heating rod 2016.
Accordingly, one or more of the plurality of heating rods
2016 may hold the heating wires of the present disclosure
securely 1n place during operation of a machine or vehicle
including the exhaust system of the present disclosure.

In one embodiment, the heating rods 2016 may be spaced,
for example, about 2 inches from each other. The spacing of
the heating rods 2016 1s not limited thereto, but may be
spaced apart from each other based on the desired applica-
tion (e.g., the shape and length of the heating wire) of the
present disclosure. Further, the plurality of heating rods
2016 may additionally facilitate rapid heating of the heating
clement 2008 by conducting heat generated inside of the
heater 2000 by the rod portions 2106 of the plurality of
heating rods 2016. In one embodiment, the plurality of
heating rods 2016 may be inserted directly 1nto a filter of an
SCR mstead of a heating element as shown 1n FI1G. 20. Thus,
the heating rods 2016 may facilitate, for example, via
thermal conduction, the additional rapid heating introduced
by the inclusion of heating wires 1906 (not shown 1n FIGS.
20 and 21) but are electrically 1solated from said heating
wires 1906.

One or more of the heating rods 2016 may extend through
the heating element 2008 to further facilitate rapid heating of
the heater 2000. In one embodiment, the plurality of heating
rods 2016 may have varying lengths. For example, some
heating rods 2016 may be longer than other heating rods
2016. That 1s, the longer heating rods 2016 may be config-
ured to secure heating wire 1906 at one displacement, and
the shorter heating rods 2016 may be configured to secure
heating wires at another displacement. For example, as
shown 1n FIG. 18A, the longer heating rods 2016 may secure
the heating wires 1804 disposed at a top layer portion
(displacement), and the shorter heating rods 2016 may
secure the heating wires 1804 at a bottom layer portion
(displacement).

FIG. 22 depicts an exemplary embodiment of an exhaust
converter (e.g., a catalytic converter, SCR, oxidation cata-
lyst, DPFE, etc.) 2200 of the present disclosure. The exhaust
converter 2200 may include a plurality of heaters 2215,
2216, 2217, 2218, 2220 having various types, shapes and

s1zes that may be placed or arranged at various locations
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within the exhaust converter 2200. In embodiments of the
present disclosure, any suitable number of heaters may be
utilized based on the desired application 1n accordance with
the present disclosure.

FIGS. 23 and 24 depict one type of a heater 2300
according to an embodiment of the present disclosure. The
heater 2300 may be mserted into an exhaust converter (e.g.,
a catalytic converter, SCR, oxidation catalyst, DPF, etc.) of
the foregoing embodiments of the present disclosure from
the outside thereol and may be screwed 1n place. As such,
the heater 2300 may be removably attached to the exhaust
converter of the present disclosure. The heater 2300 may
also be 1serted into the tubes of the exhaust system. More
specifically, such heater may be provided as an aftermarket
part and installed 1 an exhaust tube of an existing vehicle
without having to modity the catalytic converter, SCR or
DPF components. The same or similar type of heater 4100
1s also shown in FIG. 41. The heater 2300/4100 may be
formed of a heating wire 2304/4104 helically wrapped
around a support stud/rod 2308/4108. The support stud/rod
2308/4108 may be connect to a positive or negative termi-
nal; 1n one embodiment the support stud/rod 2308/4108 1s
connected to a negative terminal and may be connected to
the housing in which the heater 1s inserted. The heater
2300/4100 may include a connector stud 2310/4110 which
may be connect to a positive or negative terminal; in one
embodiment the connector stud 2310/4110 1s connected to a
positive terminal and configured to be accessible external to
the exhaust converter or exhaust tube. FIG. 41 illustrates the
external power source connectors 4120 and 4130 which are
connected to the heater 4100. In one embodiment, 4120 1s a
positive power supply cable and 4130 1s a negative power
supply cable. In another embodiment, 4120 1s a negative
power supply cable and 4130 1s a positive power supply
cable. The power source cables 4120 and 4130 may be
connected 1n a variety of ways know to a person of ordinary
skill 1n the art; in GIF. 41 they are illustrated as electrical
lugs which are screwed/bolted to the associated terminal.

FIGS. 25 and 26 shows a mufller 2500 according to an
embodiment of the present disclosure. In one embodiment,
the mutliler 2500 may be utilized 1n the exhaust system 1600
of FIG. 16 that may be configured or designed for an internal
combustion engine that may be configured to operate on
gasoline or diesel. The muiller 2500 may include a housing
2510 1n which one or more silencers 2508 and a plurality of
plates 2506 that are interspersed and/or spaced from each
other may be located. The plates 2506 may be formed of, for
example, steel, and may be coated with one or more noble
metal(s) 2602 (such as described above in FIG. 2B). The
noble metal coating 2602 may disrupt the tlow of the exhaust
gases within the housing 23510 such that they become
turbulent, which 1n turn slows the flow of the hot exhaust
gases as they pass from an inlet 2502 of the muftliler 2500
through and exit the housing 2510 though an outlet 2504.
The disruption of the exhaust gases within the mutller 2500
due to the plates 2506 coated with one or more noble metals
2602 allows the exhaust gases and particulate matters more
time within the mufller 2500 to burn off and/or oxidize prior
to exiting the muifller 2500 and entering the environment. In
addition, the plurality of plates 2506 inside the inlet 2502
may recirculates the exhaust air in and out, and may cut
down NOx, for example, about 15%.

FI1G. 27 shows an exemplary exhaust system 2700 accord-
ing to an embodiment of the present disclosure. The exhaust
system 2700 may include a catalytic converter 2702 and a
control unit 2721 electrically coupled to the catalytic con-
verter 2702. The catalytic converter 2702 may include
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components similar to the components of the foregoing
catalytic converters described according to the embodiments
of FIG. 1-26. The control unit 2709 may be electrically
coupled to the catalytic converter 2702 via one or more
clectrical leads (or cables) 2706 to facilitate the operation of
the exhaust system 2700 by controlling one or more of the
heating elements 2717 based on readings from the one or
more sensors. In this embodiment, the catalytic converter
2702 may include a plurality of magnets 2707 and a heating
clement 2717 to facilitate rapid heating of the catalytic
converter 2702.

FIG. 28 shows an exhaust system 2800 according to an
embodiment of the present disclosure. The exhaust system
2800 may include a controller 2802 coupled to an exhaust
converter system 2807. The exhaust converter system 2807
may be coupled to an engine 2804 that may generate harmiul
gases and particulate matters, for example, due to an internal
combustion of fossil fuel by the engine 2804. The controller
2802 may be electrically coupled to the engine 2804 and the
exhaust converter system 2807. The controller 2802 may be
conﬁgured to recerve various signals and/or data from the
engine 2804 and the exhaust converter system 2807 to
tacilitate controlling of the engine 2804 and the exhaust
converter system 2807 to sufliciently operate a vehicle or a
machine.

In one embodiment, the exhaust converter system 2807
may include an intake chamber 2816 coupled to the engine
2804 to communicate exhaust gases from the engine 2804 to
a catalytic converter 2818. The catalytic converter 2818 may
include one or more heaters 2820 and other components
associated with a catalytic converter as described above 1n
accordance with the foregoing embodiments of FIGS. 1-27.
The exhaust converter system 2807 may further include an
intake/exhaust chamber 2822 to communicate filtered (or
converted) and/or reduced gases down to a selective reduc-
tion catalyst filtering system (SCR) 2824. The SCR 2824
may include one or more heaters 2826 and other components
associated with the foregoing SCR according to the embodi-
ments of FIGS. 1-27. Further, the exhaust converter system
2807 may include an exhaust chamber 2848 that may be
coupled to a muiller (not shown for clarity of illustration and
description).

In one embodiment, the exhaust converter system 2807
may include gas sensors 2850, 2854, 2856. For example, the
gas sensor 2850 may be coupled to the intake chamber 2816,
the gas sensor 2854 may be couple to the intake/exhaust
chamber 2822, and the gas sensor 2856 may be coupled to
the exhaust chamber 2848. The gas sensors 2850, 2854,
2856 may include, for example, an oxygen (e.g., O,) sensor,
but are not limited thereto and any suitable gas sensor may
be utilized based on the desired application of the exhaust
system 2800. Additionally, the exhaust converter system
2807 may 1include temperature sensors 28352, 2853, 2855,
2858, and dosing injectors 2810, 2812 coupled to solution
tank 2806, 2808 for 1njecting or pumping a dosing solution,
such as a urea, salt water, or ammonia solution, among other
possible solutions, to the exhaust flow gas. The gas sensor
2850 may be arranged before the catalytic converter 2818,
and the gas sensor 2854 may be arranged between the
catalytic converter 2818 and the SCR 2824.

The controller 2802 may receive signals from the tem-
perature sensor 2852 to controls the heater 2818. Further, the
controller 2802 may receive signals from the temperature
sensor 2833 to control the dosing injector 2810. For
example, when a predetermined temperature 1n the catalytic
converter 2818 1s detected by the temperature sensor 2853,
the controller 2802 may send command signals to the dosing
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injector 2810 to inject or shoot dosing solution into the
catalytic converter 2818. In one embodiment, the dosing
injector 2810 may continuously inject dosing solution sup-
plied by the solution tank 2806 1nto the catalytic converter
2818 at a predetermined interval if the temperature sensor
2853 detects that a predetermined temperature 1s main-
tained. Alternatively, the temperature sensor 2833 may be
configured to detect a predetermined temperature range, for
example, about 340 to 410 degrees Celsius. In other words,
the dosing solution 1njected 1nto the catalytic converter 2818
at the predetermined temperature or the predetermined tem-
perature range may improve reduction or removal of harm-
tul gases (e.g., NOx, etc.) in the catalytic converter 2818.

In one embodiment, the gas sensor 2850 may detect the
condition or state of the exhaust gas in the intake chamber
2816, and the gas sensor 2854 may detect the condition or
state of the exhaust gas 1n the intake/exhaust chamber 2822.
That 1s, the gas sensors 2850, 2854 may transmit data related
to the condition or state of the exhaust gas to the controller
2802. Accordingly, the controller 2802 may utilize the
received gas data to monitor the effectiveness of the catalytic
converter 2818 and to perform appropriate functions to
achieve desirable performance of the catalytic converter
2818. Further, the controller 2802 may utilize the received
gas data and display the gas monitoring information on one
or more displays coupled to the exhaust system 2800. In one
embodiment, the controller 2802 may automatically control
the engine 2804 and/or the exhaust converter system 2807 to
achieve desired performance and and/or functionality of the
exhaust system 2800. In another embodiment, an operator of
the exhaust system 2800 may manually control the engine
2804 and/or the exhaust converter system 2807 to achieve
desired performance and/or functionality of the exhaust
system 2800 based on the gas and/or temperature monitoring
data displayed on the display coupled to the exhaust system
2800. In yet another embodiment, the exhaust system 2800
may be controlled both automatically and manually.

In one embodiment, the temperature sensor 2852 may
detect the internal temperature of the catalytic converter
2818. The controller 2802 may utilize the temperature data
received from the temperature sensor 2852 to control the
heater 2820. That 1s, the controller 2802 may control the
heater 2820 to maintain a desired temperature inside of the
catalytic converter 2818 to achieve desired performance
(e.g., suflicient reduction of harmful exhaust gases and
particulate matters) and/or functionality of the catalytic
converter 2818.

In one embodiment, the SCR 2824 may be controlled in
the similar manner as described 1n relation to the catalytic
converter 2818. That 1s, the controller 2802 may receive
signals from the gas sensors 2854, 2856 and the temperature
sensors 2855, 2858 to control the dosing injector 2812 and
the heaters 2826, similarly to controlling the catalytic con-
verter 2818 as described above, to achieve desired perior-
mance and/or functionality of the SCR 2824. In some
embodiments, more than one SCR may be utilized in the
exhaust converter system 2807 to further reduce or remove
the harmiul exhaust gases and particulate matters.

In one embodiment, the controller 2802 may receive data
from an altitude sensor 2860. The altitude sensor 2860 may
be mounted on any suitable location of a vehicle. Since the
level of altitude may ofiset the pressures within the engine
and the exhaust converter system 2807, the controller 2802
may perform appropriate functions to offset the pressure
variance caused by the change 1n altitude. For example, at
relatively higher altitude the exhaust system 2800 may
intake relatively less oxygen in the engine 2804. Accord-
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ingly, the controller 2802 may transmit control signals to
adjust a throttle position switch to introduce additional air
into the engine 2804. The change 1n altitude may aflect fuel
clliciency as well as air pressure 1in the engine. That 1s, at a
relatively higher altitude level, the engine may burn less gas.
Further, relatively less air with more fuel may cause damage,
for example, to the catalytic converter 2818. As such, the
controller 2802 may transmit appropriate signals to various
components (e.g., throttle position switch, heaters, etc.).

FIG. 28 A shows an exemplary dosing solution distributor
2851 according to an embodiment of the present disclosure.
The dosing solution distributor 28351 1s located downstream
of one or more dosing injectors 2810, 2812. The one or more
dosing solution distributors 2851 may be located between
the dosing injectors 2810, 2812 and the catalytic converter
2818 and the SCR 2824, respectively. The dosing solution
distributor 2851 may include a plurality of wings (or plates)
2895 disposed at a predetermined distance from each other.
Further, the dosing solution distributor 2851 may include a
plurality of openings 2899 between each of the wings 2895,
and a circular aperture 2897 at the center of the dosing
solution distributor 2851, as shown 1n FIG. 28 A. The dosing
solution distributor 2851 prevents deterioration (e.g., crack-
ing) ol a honeycomb filter 1n a catalytic converter and/or an
SCR by evenly distributing the dosing solution sprayed by
the dosing 1injectors 2810, 2812. In one embodiment, each of
the wings 28935 may be angled at a predetermined angle to
give a turbine eflect and to distribute the dosing solution
evenly to the filter of a catalytic converter and/or an SCR.
The shape, size, and number of the wings 2895 are not
limited thereto, and may be varied according to the desired
application or performance of the dosing solution distributor
2851.

FIG. 29 illustrates a schematic view of an exemplary
exhaust control system 2900 for operation and/or control of
an exhaust system according to an embodiment of the
present disclosure. The exhaust control system 2900 may
include a plurality of mputs 2901, for example, gas data
2906, temperature data 2908, and altitude data 2910, a
controller 2902, and a plurality of outputs 2903, for
example, gas monitoring data 2912, heater adjustment value
2914, 1njector adjustment value 2916, and throttle position
switch signal value 2918. The controller 2902 may include
a determination module 2904, a memory, a secondary stor-
age device, and a processor, such as a central processing unit
or any other means for accomplishing a task consistent with
the present disclosure. The memory or secondary storage
device associated with the controller 2902 may include
non-transitory computer-readable media and may store data
and/or software routines that assist controller 2902 1n per-
forming its functions, such as the process disclosed 1n
relation to the exhaust system 2800 of FIG. 28. Further, the
memory or secondary storage device associated with the
controller 2902 may store data received from various inputs
associated with the sensors disclosed 1n the exhaust system
2800 or other systems of the present disclosure. Commer-
cially available microprocessors may be configured to per-
form the functions of the controller 2902. It should be
appreciated that the controller 2902, could readily embody
a general machine controller capable of controlling numer-
ous other machine functions. Various other known circuits
may be associated with controller 2902, including signal-
conditioning circuitry, communication circuitry, actuation
circuitry, and other appropriate circuitry.

In one embodiment, the controller 2902 may control one
or more heaters (e.g., heaters 2818, 2826). For example,
based on the temperature data 2908 received from one or
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more temperature sensors (€.g., temperatures sensors 2853,
2852, 2858) according to the foregoing embodiments of
FIGS. 1-28, the determination module may calculate or
determine a heater adjustment value 2914. The controller
2902 may then transmit the heater adjustment value 2914 to
control the one or more heaters (e.g., heaters 2818, 2826) 1n
accordance with the foregoing embodiments of the present
disclosure.

In one embodiment, the controller 2902 may control one
or more dosing injectors 2810, 2812. For example, based on
the temperature data 2908, the determination module 2904
may calculate or determine an injector adjustment value
2916. The controller 2902 may then transmit the injector
adjustment value 2916 to control to the one or more dosing
injectors 2810, 2812 in accordance with the foregoing
embodiments of the present disclosure. In one embodiment,
the determination module 2904 may utilize the altitude data
2910, to calculate or determine the throttle position switch
signal value 2918. The controller 2902 may then control a
throttle position switch in accordance with the foregoing
embodiments of the present disclosure. In one embodiment,
the determination module 2904 may generate gas monitor-
ing data 2912 based on gas data 2906 received from one or
more gas sensors (e.g., 2850, 2854, 2856). For example, the
determination module may compare the amount gas detected
by the gas sensor 28350 and the gas sensor 2854. The
determination module may then generate gas monitoring
data 2912. The controller 2902 may then transmit the gas
monitoring data 2912 to a display according to the foregoing
embodiments according to the present disclosure. In some
embodiments, the determination module 2904 may utilize
gas data 2906, temperature data 2907, and altitude data 2910
simultaneously or sequentially to determine appropriate data
and values for controlling the heaters, injectors, throttle
position switches, and/or displays in accordance with the
embodiments of the present disclosure. Accordingly, the
controller 2902 may be configured to facilitate automatic
and/or manual control of the heaters, injectors, throttle
position switches, and/or displays according to the embodi-
ments of the present disclosure.

In one embodiment, a catalytic converters according to
the foregoing embodiments may be placed or arranged so
that exhaust gases may tlow from one or more inlet ports
according to the foregoing embodiments through one or
more disruptor plates (1n some embodiments) of the fore-
going embodiments, and through one or more heaters or
heating elements of the foregoing embodiments. Addition-
ally, the exhaust gases may be additionally heated 1n some
embodiments by one or more additional heaters and sub-
jected to magnetic fields by the magnets of the foregoing
embodiments. The additional heaters and/or magnetic fields
may interact with the individual molecules and i1ons of the
gases passing through catalytic converters and increase the
elliciency of catalytic conversion that takes place before
exiting a catalytic converter. In addition to heaters being
included within a catalytic converter, the heaters may be
added to existing catalytic converters on a vehicle or a
machine.

According to testing results, exhaust systems equipped or
modified according to the foregoing embodiments of the
present disclosure resulted in carbon emissions, waste gases
(NOx, CO, etc.) and particulate matters reduction by, about,
05-99% 1n gasoline powered cars and 90-97% in diesel
power cars.

FIGS. 30A and 30B illustrate an embodiment of an
exhaust system 3100 for a vehicle that runs on diesel fuel.
As shown 1 FIGS. 30A and 30B, the exhaust system 3100
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may include an oxidation catalyst 3102, a diesel particulate
filter (DPF) 3104, a selective catalytic reduction filtration
system (SCR) 3108, and a mufller 3112. Although the
oxidation catalyst 3102, and DPF 3104, and SCR 3108 are
shown separately, in some embodiments, the oxidation cata-
lyst 3102, DPF 3104, and/or SCR 3108 may be combined
into a single unitary system included 1n a single housing. The
exhaust system 3100 may further include a first tubing 3106
that connects the oxidation catalyst 3102 to the diesel
particulate filter 3104, and a second tubing 3110 that con-
nects the DPF 3104 to the SCR 3108, and a third tubing 3114
that connects SCR 3108 to the mufller 3112. The exhaust
system 3100 may also include heaters 3124, 3149 and
sensors 3140, 3141, 3142.

FIG. 30C shows an exhaust system 3150 according to
another embodiment of the present disclosure. The exhaust
system 3150 may include the similar components as those
shown 1n FIGS. 31A and 33B. In addition, the exhaust
system 3150 may include an additional SCR 3152 including
an 1njector 3154. The additional SCR 3152 and the mjector
3154 in this embodiment may facilitate additional reduction
and removal of the harmiul gases after being treated by the
oxidation catalyst 3102, the diesel particulate filter 3104,
and the SCR 3108.

As depicted 1n FIG. 31, the oxidation catalyst 3102 may
include a housing 3216, an inlet 3218 where exhaust gases
enter a cavity 3220 of the housing 3216 and an outlet 3222
where the exhaust gases exit the housing 3216. An oxygen
sensor (e.g., 02 sensor) may be fixed externally to the
housing 3216 and may extend into the cavity 3220, down-
stream of the 1nlet 3218 to assess the percentage of oxygen
in the exhaust gas. An electric heater 3124 (see FIG. 32) may
extend into the cavity 3220 from outside of the housing
3216. The heater 3124 may be connected external of the
oxidation catalyst 3102 to a power source and an electronic
control unit. The heater 3124 depicted in FIG. 30A may
include a wound metal coil 3125. However, the heater 3124
can take any form to ensure internal hearting of the oxidation
catalyst 3102. To assess the temperature of the exhaust gas
prior to exiting the oxidation catalyst 3102, a heat sensor
may be located near the inlet 3218 and/or outlet 3222.

As shown m FIG. 31, within the cavity 3220 of the
housing 3216, downstream of the heater 3124, at least one
filter 3226 1s arranged. The filter 3226 1s configured to filter
harmiul gases and particulate including, but not limited to,
carbon dioxide (CO,), carbon monoxide (CO), nitrogen
oxide (NOx) as well as hydrocarbons (HC), particulate
matter (PM) and other harmful chemicals and debris. The
filter 3226 may be formed of, for example, ceramic, and may
be coated with one or more noble metals 3228 (such as
described above 1n FIG. 2B) and may include a plurality of
honeycomb shaped openings. The openings of the filter 3226
are configured to disrupt the tlow of exhaust gases and trap
particulate matter to prevent the particulate matter from
being emitted into the environment.

A plurality of rods 3230, which may be formed of a
heat-treated metal or alloy (e.g., copper or steel) may extend
longitudinally through the honeycomb structure of the filter
3226. The rods 3230 may also or instead extend across the
filter 3226. Additionally, one or more magnets 3232 may be
disbursed inside of the housing 3216. The magnets 3232
may be arranged near or in contact with the filter 3226
and/or within the filter 3226.

Similar to an engine that utilizes gasoline as disclosed
above 1n reference to FI1G. 16, upon startup of a diesel engine
that utilizes the exhaust system 3100 from a cold start, the
clectric heater 3124 may simultaneously be turned on by an
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clectronic control unit (ECU) to aid in heating the internal
temperature of the oxidation catalyst 3102, DPF 3104, and
SCR 3108 above a temperature of the exhaust gases and
particulate matters. The heater 3124 may remain on after
reaching a desired temperature or 1t may be turned off and
then turned back on 1t the temperature within the oxidation
catalyst 3102, DPF 3104, and/or SCR 3108 drops below a
threshold temperature. The rods 3230 are configured to
accelerate heating the internal temperature of the oxidation
catalyst 3102 to a desired internal temperature and aid 1n
maintaining the desired internal temperature at least
throughout the filter 3226 and surrounding internal surface
area.

By increasing the internal temperature of the oxidation
catalyst 3102, harmful chemicals and particulates that are
part of the exhaust gas are oxidized and/or burned off before
exiting the oxidation catalyst 3102. The noble metal filter
coating 3228 aids to further slow and disrupts the flow of the
exhaust gases traversing across the inside of the cavity of the
oxidation catalyst 3102 such that more of the harmiul
exhaust emissions can be heated above a threshold tempera-
ture and burn ofl prior to exiting the oxidation catalyst 3102.

The magnets 3232 further disrupt and slow the tlow of
exhaust gases and particulates as they pass through the
oxidation catalyst 3102, similar to the magnets 1232, 1632,
1646 incorporated into the gasoline exhaust system 1600
and catalytic converter 1200, by increasing the electric
current within the cavity 3220 of the oxidation catalyst 3102
via the polarity of the magnets 3232. Disrupting and slowing
the flow of exhaust gases and particulates allows for heating
of the exhaust gases for a longer period of time within the
cavity 3220 of the oxidation catalyst 3102 and 1n turn further
oxidization and reduction of toxic byproducts of exhaust
gases. Upon exiting the oxidation catalyst 3102, the remain-
ing harmiul exhaust gases, particulates and debris travel
through the tubing 3110 and into the diesel particulate filter
3104. The diesel particulate filter 3104 may be designed to
trap particulates (e.g. soot) after they exit the oxidation
catalyst 3102 and prior to exiting the exhaust system 3100
and being emitted into the environment.

As shown 1n FIG. 32, the diesel particulate filter 3104
includes a ceramic filter 3105 that may have a plurality
openings (e.g., honeycomb shaped openings) that are con-
figured to trap particulates (e.g., soot) to prevent the par-
ticulates from being emitted into the environment. Similar to
the filters of the foregoing embodiments of the present
disclosure, the filter 31035 may be coated with one or more
noble metals 3336 and may include a plurality of rods 3338
that extend through the honeycomb structure. The rods 3338
may be formed of a heat-treated metal or alloy (e.g., copper
or steel). Additionally, one or more magnets 3339 may be
disbursed near or in contact with the filter 3105 and/or
within the filter 3105.

In order to reduce the particulate matter that has accu-
mulated on the filter 3105 and prevent the particulate matter
from blocking the filter 3105 and 1n turn creating backpres-
sure 1n the exhaust system 3100, the filter 3105 must be
cleaned through regeneration by burning off the particulate
that has accumulated on the filter 3105. There are two types
ol regeneration-active regeneration and passive regenera-
tion. Active regeneration involves raising the actual exhaust
gas temperature by introducing additional thermal energy. In
contrast, passive methods are based on lowering the required
temperatures to a range within which the available tempera-
ture 1s adequate for regeneration. Unlike existing regenera-
tion systems, a heater 3140, which communicates with an
clectronic control unit, may be placed upstream of the DPF
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3104 and may be used in combination with the rods 3338,
noble metal coating 3336 and one or more magnets 3339
arranged within the DPF 3104 to increase the electrical
current (via the magnets 3339), disrupt the flow of exhaust
gases and particulate matter (via the noble metal coating
3336) and raise the temperature of the filter 31035 (via the
rods 3338) and 1n turn raise the temperature of the particu-
lates that are trapped on and within the filter to oxidize the
particulate and create a gaseous byproduct (1.e., CO,).
Additionally, the percentage of nitrogen dioxide in the
exhaust gas 1s reduced and converted to nitrogen monoxide.
This chemical process 1s constantly repeated so that the filter
3105 may be continuously cleaned during regular operation
of the exhaust system. As such, no additional aid may be
needed with regeneration, for example, with the assistance
from an engine management system.

Downstream of the diesel particulate filter 3104 1s the
selective catalytic reduction system 3108, which, similar to
the SCR 1604 in the gasoline exhaust system 1600, 1s
configured to reduce nitrogen dioxide gases by oxidizing
them and converting them into harmless exhaust emissions
(e.g., nitrogen, water, and a small amount of carbon dioxide)
that are emitted out of the exhaust system 3100 and 1nto the
environment without the need to introduce a liquid-reductant
agent that into the exhaust stream.

The SCR 3108 may include a filter 3342 having a plurality
of openings (e.g., honeycomb shaped openings) 3344 and
small holes 3346 dispersed about the filter 3342. Simalar to
the SCR 1604 1n the gasoline exhaust system 1600, the filter
3342 may be coated with one or more noble metals 3348
(such as described above 1 FIG. 2B), and may include a
plurality of rods 3350 that extend through the honeycomb
structure and one or more magnets 3347 dispersed about the
filter 3342.

Referring to back FIG. 30A, an eclectric heater 3149,
which communicates with an electronic control umit, may be
provided 1n the selective catalytic reduction system 3108,
upstream of filter 3342. The heater 3149 may be configured
to raise the internal temperature of the selective catalytic
reduction system 3108 above a threshold temperature in
conjunction with the rods 3350 and metal coating 3348 to
ensure that the internal temperature across the filter 3342
and surrounding internal surface area 1s greater than the
temperature of the remaining exhaust gases and particulate
matter and 1s maintained to further reduce the percentage of
nitrogen oxide gases as they travel across the filter 3342. The
small holes 3346 and magnets 3347 may be included to aid
in further disrupting the tlow of exhaust gases as they travel
within the selective catalytic reduction system 3108 and to
provide more time for the exhaust gases to oxidize and/or be
burned off as they pass through the heated selective catalytic
reduction system 3108 before exiting. The SCR 3108 may
include one or more nitrogen oxide sensors to ensures that
the SCR 3108 operates efliciently.

Upon exiting the SCR 3108, the remaining exhaust gases
may flow through the tubing 3114 to the muifler 3112. The
mufller 3112 may be substantially similar to the mufiler
1608 for the gasoline exhaust system 1600. As depicted 1n
FIGS. 25 and 26, the mufller 3112 may include a housing 1n
which one or more silencers and a plurality of plates that are
interspersed and/or spaced from each other are located. The
plates, which can, for example, be formed of steel, are
coated with one or more noble metal(s). The noble metal
coating (such as described above 1n FIG. 2B) may aid to
disrupt the tlow of the exhaust gases within the housing such
that they become turbulent, which 1n turn slows the flow of
the hot exhaust gases as they pass from an 1nlet of the mufller
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3112 through and exit the mufller housing though an outlet.
The disruption of the exhaust gases within the muifller 3112
due to the inclusion of the noble metal coated plates allows
the exhaust gases and particulate matter more time within
the mufller 3112 to burn off and/or oxidize prior to exiting
the mufller 3112 and entering the environment.

According to another embodiment of the invention, one or
more heaters 4220 may be attached to or disposed inside one
or more of various exhaust pipes 4210 (e.g., connection
pipes, extension pipes, etc.) ol an exhaust system 4200
(herein, “exhaust pipe heater”), such as shown in FIGS. 42
and 43. The exhaust pipes 4210 may be made from alumi-
nized or stainless steel.

For example, in an exhaust system 4200 for a gasoline
powered engine, one or more exhaust pipe heaters 4220 may
be disposed inside the exhaust pipe 4210 at a location that
1s before the 1nlet port of the catalytic converter, between the
catalytic converter and the SCR, and/or between the SCR
and the mufller. Similarly, 1n an exhaust system 4200 for a
diesel powered engine, one or more exhaust pipe heaters
4220 may be disposed within the exhaust pipe 4210 at a
location that 1s before the diesel oxidation catalyst, between
the diesel oxygen catalyst and the DPF, and/or between the
DPF and the SCR. The exhaust pipe heaters 4220 may
receive power from a power supply (not shown) via an
clectrical connector 4225 (such as electrical connectors
1724, 1734 described above). The exhaust pipe heaters may
be separately powered via separate electrical connectors
4225 or powered together via a single electrical connector
4225. In a gasoline or diesel powered vehicle, the exhaust
pipe heaters 4220 may be electrically connected to and
powered by the vehicle’s primary battery (not shown) or
alternatively a secondary battery (not shown) via one or
more electrical connectors 4225.

The exhaust pipe heaters 4220 can be installed within an
existing exhaust pipe 4210 of an exhaust system 4200 or as
part of a replacement exhaust pipe 4210 for an existing
exhaust system. For example, the replacement exhaust pipe
4210 having the one or more exhaust pipe heaters 4220 may
be connected to the exhaust manifold, the catalytic con-
verter, the SCR, and/or the mufller of the exhaust system
4200. It 1s understood that some catalytic converters are
integrated into the exhaust mamfold.

As shown 1n FIGS. 42 and 43, the exhaust pipe 4210 may
turther comprise a dosing system 4230. The dosing system
4230 may include a dosing injector 4240 (such as dosing
injectors 2810, 2812 described above) coupled to a dosing
solution tank 4250 (such as dosing solution tanks 2806, 2808
described above) for injecting or pumping a dosing solution,
such as a urea, salt water, or ammonia solution, among other
possible solutions, to the exhaust tlow gas. The exhaust pipe
4210 may further include one or more gas sensors 4270
(such as gas sensors 28350, 2854, 2856 described above).
Additionally, the exhaust pipe may include a temperature
sensor (such as temperature sensors 28352, 2853, 2855, 2858
described above), The dosing solution may be injected nto
the exhaust pipe 4210 at a predetermined temperature or a
predetermined temperature range to turther improve reduc-
tion or removal of harmful gases (e.g., NOx, etc.) in the
exhaust pipe 4210.

Accordingly, as discussed above, a controller (such as
controller 2802 described above) (not shown) may receive
signals from the gas sensors 4270 and/or temperature sensor
to control an amount of current supplied to the heater and the
timing in which the current 1s supplied to the exhaust pipe
heater 4220 based on the received signals. Additionally, the
dosing system 4230 may receive signals from the controller
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to control a timing and a duration of the dosing solution
spray based on signals received from the one or more
sensors. For example, when a predetermined temperature 1in
the exhaust pipe 4210 1s detected by the temperature sensor,
the controller may send command signals to the dosing
injector to 1ject or shoot dosing solution nto the exhaust
pipe based on the detected temperature. In one embodiment,
the dosing injector 4240 may continuously inject dosing
solution supplied by the dosing solution tank 42350 into the
exhaust pipe 4210 at a predetermined interval 1f the tem-
perature sensor detects that a predetermined temperature 1s
maintained. Alternatively, the temperature sensor may be
configured to detect a predetermined temperature range, for
example, about 340 to 410 degrees Celsius. In other words,
the dosing solution injected 1nto the exhaust pipe 4210 at the
predetermined temperature or the predetermined tempera-
ture range may improve reduction or removal of harmiul
gases (e.g., NOx, etc.) in the exhaust pipe 4210. Addition-
ally, the temperature sensor may detect the internal tempera-
ture of the exhaust pipe. The controller may utilize the
temperature data received from the temperature sensor to
control the exhaust pipe heater 4220. That 1s, the controller
may control the exhaust pipe heater 4220 to maintain a
desired temperature inside of the exhaust pipe 4210 to
achieve desired performance (e.g., suflicient reduction of
harmiul exhaust gases and particulate matters) and/or func-
tionality of the exhaust system.

Additionally, the exhaust pipe 4210 may include one or
more magnets (such as magnets 607 described above)
located or arranged on or adjacent to an exterior suriace
4215 of the exhaust pipe 4210. The magnets (not shown
herein) may have a curved shape to approximate the outer
geometry of the exhaust pipe and may be disposed 1 an
array having alternating polarities (such as shown in FIG. 7
above). In one embodiment, the magnets facing each other
may have opposing polarities. Alternatively, the magnets
may have the same polarity and the polarity may not vary
along the longitudinal or horizontal direction of the exhaust
pipe 4210. Having magnets facing each other with opposite
polarities results 1n a stronger magnetic field. In one embodi-
ment, the plurality of magnets may include one or more
neodymium magnets. In another embodiment, the one or
more magnets may be electromagnets. However, any suit-
able magnets may be used depending on the desired appli-
cation. Additionally, the exhaust pipe 4210 may include an
outer shell or an outer surface (e.g., tape, fastener, covering,
etc.) (not shown) and one or more of the magnets may be
arranged or disposed between an exterior surface of the
exhaust pipe and the outer shell. Additionally, the exhaust
pipe may comprise one or more filters 4260 (such as filter
110 described above).

According to an embodiment, the exhaust pipe 4210 1s
configured to be coupled to an exhaust system component.
The exhaust system component may include one or more of
the following: an exhaust manifold, a catalytic converter, a
selective catalytic reduction system (SCR), a diesel oxida-
tion catalyst, a diesel particulate filter (DPF), a selective
catalytic reduction system (SCR), and a muftiler. The exhaust
pipe 4210 may include an exhaust pipe heater 4220 disposed
inside a cavity 4280 of the exhaust pipe 4210. The exhaust
pipe heater 4220 may include a housing 4290, a heating wire
disposed inside the housing (such as heating wires 1804,
1906 described above), and an electrical connector 4225
attached to the housing and electrically connected to the
heating wire. The electrical connector 4225 may be config-
ured to receive power from a power supply (not shown) that
1s external from the exhaust pipe heater 4220 to supply
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clectrical current to the heating wire. The exhaust pipe
heater 4220 may be configured to heat gas inside the exhaust
pipe 4210 to reduce toxic gases and/or particulate matter
exiting the exhaust pipe 4210. The exhaust pipe 4210 may
turther include one or more magnets arranged adjacent to an
exterior surface 4215 of the exhaust pipe 4210 to aid 1n
disruption and slowing of the tlow of exhaust gases 1n the
cavity 4280 of the exhaust pipe 4210. The exhaust pipe 4210
may further imnclude a second surface (not shown) that 1s
positioned outside of the exterior surface 4215 and the one
or more magnets may be disposed between the second
surface and the exterior surface 4215 of the exhaust pipe
4210. The second surface may be a surface of an exterior
shell, an exterior casing, tape or other adhesive, a fastener,
etc.

The exhaust pipe 4210 may include an exhaust pipe heater
4220 disposed mside a cavity 4280 of the exhaust pipe 4210.
The exhaust pipe heater 4220 may include a housing 4290,
a heating wire disposed 1nside the housing (such as heating
wires 1804, 1906 described above), and an electrical con-
nector 42235 attached to the housing and electrically con-
nected to the heating wire. The electrical connector 4225
may be configured to receive power from a power supply
(not shown) that 1s external from the exhaust pipe heater
4220 to supply electrical current to the heating wire. The
exhaust pipe heater 4220 may be configured to heat gas
inside the exhaust pipe 4210 to reduce toxic gases and/or
particulate matter exiting the exhaust pipe 4210. The exhaust
pipe 4210 may further include one or more magnets
arranged adjacent to an exterior surface 4215 of the exhaust
pipe 4210 to aid 1n disruption and slowing of the flow of
exhaust gases in the cavity 4280 of the exhaust pipe 4210.
The exhaust pipe 4210 may further include a second surface
(not shown) that 1s positioned outside of the exterior surface
4215 and the one or more magnets may be disposed between
the second surface and the exterior surface 4215 of the
exhaust pipe 4210. The second surface may be a surface of
an exterior shell, an exterior casing, tape or other adhesive,
a fastener, etc.

FIG. 44 shows an external heater 4400 according to an
embodiment of the invention. The external heater 4400 may
be located external and be connected to one or more com-
ponents of an exhaust system. The one or more components
may be a catalytic converter, a selective catalytic reduction
system (SCR), a diesel oxidation catalyst, a diesel particu-
late filter (DPF), a selective catalytic reduction system
(SCR), a mufller, or exhaust pipes of the exhaust system
(shown 1n FIG. 46).

In one embodiment, the external heater 4400 has a heater
housing 4420, which may be made of steel or aluminum (not
limited thereto), and a heating wire 4410 (such as heating
wires 1804, 1906 described above) or alternative a heating,
clement disposed therein. The heating wire 4410 1s not
limited to any configuration or shape. The external heater
4400 may further include a connection pipe 4440 (such as a
metal or flexible connection pipe or other attachment means
such as connection pipe 4615 described below) and a
temperature sensor 4450 (such as temperature sensors 2852,
2853, 2855, 2858 described above). Temperature sensor
4450 may also function as an altitude sensor. The external
heater 4400 may further include a dosing system 4430. The
dosing system 4430 may include a dosing mjector (such as
dosing mjectors 2810, 2812, 4240 described above) coupled
to a dosing solution tank (such as dosing solution tanks
2806, 2808, 4250 described above) for injecting or pumping
a dosing solution, such as a urea, salt water, or ammonia
solution, among other possible solutions, into the exhaust
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system. The dosing solution may be injected into the exter-
nal heater 4400 at a predetermined temperature or a prede-
termined temperature range to further improve reduction or
removal of harmful gases (e.g., NOx, etc.) in the exhaust
system. The external heater 4400 may receive power from a
power supply (not shown) via an electrical connector (such
as electrical connectors 1724, 1734 described above) or via
first and second terminals 4460 and 4465. For example, {irst
terminal 4460 may be a positive terminal and second ter-
minal 4465 may be a negative terminal. In a gasoline or
diesel powered vehicle, the external heater 4400 may be
clectrically connected to and powered by the vehicle’s
primary battery (not shown) or alternatively a secondary
battery (not shown) via first and second terminals 4460 and
4465.

FIG. 45 shows an external heater 4500 according to
another embodiment of the mvention. The external heater
4500 may be located external and be connected to one or
more components of an exhaust system. The one or more
components may be a catalytic converter, a selective cata-
lytic reduction system (SCR), a diesel oxidation catalyst, a
diesel particulate filter (DPF), a selective catalytic reduction
system (SCR), a mufller, or exhaust pipes of the exhaust
system (shown 1 FIG. 46).

In one embodiment, the external heater 4400 has a heater
housing 4520, which may be made of steel or aluminum (not
limited thereto), and a plurality of heating elements 4510,
4515 disposed therein (such as heating elements 1908, 2008,
2717 described above). The heating elements are 4510, 4515
1s not limited to any configuration or shape. The heating
clements 4510, 4515 may include a heating wire (such as
heating wires 1804 and 1906 described above) and/or a
heating element, for example, a honeycomb or hexagonal
shape heater as described above. Thus, the heating elements
4510, 4515 may act as a filter and may 1nclude a catalyst
coating such as shown 1n FIG. 2B to aid in the removal or
reduction of harmiul gases and particulate matters.

The external heater 4500 may further include a connec-
tion pipe 4340 (such as a metal or tlexible connection pipe
or other attachment means such as connection pipe 4615
described below) and a temperature sensor 4550 (such as
temperature sensors 2852, 2853, 2855, 2858, 4450 described
above). Temperature sensor 4550 may also function as an
altitude sensor. The external heater 4500 may further include
a dosing system 4530. The dosing system 4530 may include
a dosing injector (such as dosing injectors 2810, 2812, 4240
described above) coupled to a dosing solution tank (such as
dosing solution tanks 2806, 2808, 4250 described above) for
injecting or pumping a dosing solution, such as a urea, salt
water, or ammonia solution, among other possible solutions,
into the exhaust system. The dosing solution may be injected
into the external heater 4500 at a predetermined temperature
or a predetermined temperature range to further improve
reduction or removal of harmful gases (e.g., NOx, etc.) in
the exhaust system. The external heater 4500 may receive
power from a power supply (not shown) via an electrical
connector (such as electrical connectors 1724, 1734
described above) or via first and second terminals 4560 and
4565. For example, first terminal 4560 may be a positive
terminal and second terminal 4565 may be a negative
terminal. In a gasoline or diesel powered vehicle, the exter-
nal heater 4500 may be electrically connected to and pow-
ered by the vehicle’s primary battery (not shown) or alter-
natively a secondary battery (not shown) via first and second
terminals 4560 and 4565.

FIG. 46 shows an exhaust system 4600 that incorporates
one or more external heaters 4610 (such as external heaters
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4400 and 4500 described above). In one embodiment, the
exhaust system 4600 includes, but 1s not limited to, a
catalytic converter or DPF 4690, exhaust pipes 4692, a SCR
4694 and a mufller 4696. The external heater 4610 may be
connected to any one or more of the foregoing components
of the exhaust system 4600. In FIG. 46 the external heater
4610 1s located external and connected to the catalytic
converter/DPF 4690. It 1s understood that the external heater
4610 can be connected to a different component, such as at
an inlet of the SCR 4694, or to both the catalytic converter/
DPF 4690 and the SCR 4694 (or other component, such as
one or more exhaust pipe 4692).

The external heater 4610 may be connected to the exhaust
system component—in this embodiment the catalytic con-
verter/DPF 4690—via a connection pipe 4615, such as a
metal or flexible connection pipe or other attachment means.
Alternatively, the external heater 4610 may be directly
coupled to the exhaust system component by either forming
a hole and fastening the external heater 4610 to the hole or
by using an existing sensor hole in the exhaust system
component.

The external heater 4610 may include one or more
temperature sensors 4650 (such as temperature sensors
2852, 28353, 2855, 2858, 4450, 4550 described above).
Temperature sensor 4650 may also function as an altitude
sensor. The external heater 4610 may further include a
dosing system 4630. The dosing system 4630 may include
a dosing 1njector (such as dosing injectors 2810, 2812, 4240
described above) coupled to a dosing solution tank 4635
(such as dosing solution tanks 2806, 2808, 4250 described
above) for 1injecting or pumping a dosing solution, such as
a urea, salt water, or ammonia solution, among other pos-
sible solutions, into the exhaust system. The dosing solution
may be injected mto the external heater 4610 at a predeter-
mined temperature or a predetermined temperature range to
turther improve reduction or removal of harmful gases (e.g.,
NOx, etc.) in the exhaust system. The external heater 4610
may receive power from a power supply (not shown) via an
clectrical connector (such as electrical connectors 1724,
1734 described above). In a gasoline or diesel powered
vehicle, the external heater 4500 may be electrically con-
nected to and powered by the vehicle’s primary battery (not
shown) or alternatively a secondary battery (not shown).

The exhaust system 4600 may further include one or more
gas sensors 4640 (such as gas sensors 2850, 2854, 2856
described above). The gas sensors 4640 may include, for
example, an oxygen (e.g., O,) sensor, but are not limited
thereto and any suitable gas sensor may be utilized based on
the desired application of the exhaust system 4600. Each of
the gas sensors 4640 may be controlled by a dedicated
controller 4645 that 1s separate from, for example, an
existing controller of the vehicle exhaust system.

The catalytic converter/DPF 4690 may include one or
more magnets 4670 located or arranged adjacent to or on an
exterior surface of the catalytic converter/DPF 4690. The
one or more magnets 4670 may be disposed in an array
having alternating polarities as shown in FIG. 7. In one
embodiment, the magnets 4670 facing each other may have
opposing polarities. Alternatively, the one or more magnets
4670 may have the same polarity and the polarity may not
vary along the longitudinal or horizontal direction of the
catalytic converter/DPF 4690. Having magnets facing each
other with opposite polarities results in a stronger magnetic
field. In one embodiment, the plurality of magnets 4670 may
include one or more neodymium magnets. In another
embodiment, the one or more magnets 4670 may be elec-
tromagnets. However, any suitable magnets may be used

10

15

20

25

30

35

40

45

50

55

60

65

38

depending on the desired application. It 1s understood that
the one or more magnets 4670 may be located adjacent or on
an exterior surface ol other components of the exhaust
system, such as the SCR 4694, mutiler 4696, and/or exhaust
pipes 4692.

Additionally, gas sensors 4640 may be coupled external to
one or more components of the exhaust system 4600. In FIG.
46, a first gas sensor 4640 1s coupled to the catalytic
converter/DPF 4690 and a second gas sensor 4640 1s couple
to an exhaust pipe 4692 attached to an outlet port of the
catalytic converter/DPF 4690. The gas sensors 4640 may
include, for example, an oxygen (e.g., O,) sensor, but are not
limited thereto and any suitable gas sensor may be utilized
based on the desired application of the exhaust system 4600.
Each of the gas sensors 4640 may be controlled by a
dedicated controller 4645 that 1s separate from, for example,
an existing controller of the vehicle exhaust system.

Additionally, temperature sensors 4450 may be coupled
externally to one or more components of the exhaust system
4600. For example, as illustrated in FIG. 46, a temperature
sensor 4630 1s coupled externally to an exhaust pipe 4692
attached to an outlet port of the catalytic converter/DPF
4690. Temperature sensor 4650 may also function as an
altitude sensor.

Additionally, the exhaust system may be coupled to a
controller 4680. The controller 4680 may receive signals
from the temperature sensors 4650 to controls the external
heater 4610. Further, the controller 4680 may receive signals
from the temperature sensors 4650 to control the dosing
system 4630. For example, when a predetermined tempera-
ture 1n the catalytic converter/DPEF 4690 1s detected by the
temperature sensor 4650, the controller 4680 may send
command signals to the dosing system 4630 to inject or
shoot dosing solution into the catalytic converter/DPEF 4690.
In one embodiment, the dosing system 4630 may continu-
ously inject dosing solution supplied by the dosing solution
tank 4633 into the catalytic converter/DPF 4690 at a pre-
determined interval if the temperature sensor 4650 detects
that a predetermined temperature 1s maintained. Alterna-
tively, the temperature sensor 4650 may be configured to
detect a predetermined temperature range, for example,
about 340 to 410 degrees Cels1us. In other words, the dosing
solution 1njected into the catalytic converter/DPF 4690 at the
predetermined temperature or the predetermined tempera-
ture range may improve reduction or removal of harmiul
gases (e.g., NOx, etc.) in the catalytic converter/DPFEF 4690.

In one embodiment, the gas sensors 4640 may transmit
data related to the condition or state of the exhaust gas to the
dedicated controller 4645. Accordingly, the controller 4645
may utilize the received gas data to momitor the effectiveness
of the catalytic converter/DPF 4690 and to perform appro-
priate functions to achieve desirable performance of the
catalytic converter/DPF 4690.

FIG. 34 illustrates an exhaust system 3400 for a coal
burning apparatus, device or the like. The exhaust system
3400 includes a housing 3402. Sequentially, within the
housing 3402 1s a first selective catalytic reduction filtration
system (SCR) 3406 directly downstream of an inlet 3404, a
first electric heater 3408, a second SCR 3410, a second
heater 3412 and another filter 3413 with a honeycomb
structure. Additionally, dispersed about the interior of the
housing 3402, near the internal sidewall 1s a plurality of
magnets 3415. The design and properties of the SCR 3406,
3410 and heaters 3408, 3412 may be substantially similar to
the foregoing embodiments discussed above with regard to
the gasoline and diesel exhaust systems 1600, 3100, and as
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such the substantially similar features are incorporated by
references as part of the exhaust system 3400.

Downstream of the exhaust system 3400 in FIG. 34 1s a
first electric blower 3414, a plurality of filters 3416 that
include a honeycomb structure 3517 (see details in FIGS.
35A and 35B), chutes 3219 that direct unburned particles
(e.g., coal) to a waste bin 3418 in which the unburned
particles are disposed, an additional metal filtration system
3420, a second electric blower 3432 and a smoke stack 3424
through which clean gases exit into the environment.

FIG. 36 depicts an exhaust system 3600 for a motorcycle.
As shown 1n FIG. 36, a first selective catalytic reduction
filtration system (SCR) 3602 may be arranged within an
exhaust tubing 3604 and an electric heater 3606 and a
second SCR 3608 may be arranged within an exhaust
housing 3609. As shown 1n FIG. 36, the heater 3606 may be
arranged to extend within the housing 3609 near an inlet
3612 of the housing 3609 with the second SCR 3608 located
downstream of the heater 3606. In one embodiment, the first
SCR 3602 and the second SCR 3608 may include copper
ceramic. The heater 3606 may be configured to operate
using the desired voltage (e.g., 6-45 amps) of the vehicle.

The first and second SCR 3602, 3608, like the SCR of the
foregoing embodiments discussed above, are configured to
reduce nitrogen oxide gases by oxidizing the nitrogen oxide
gases and converting them into harmless exhaust emissions
that are emitted out of the exhaust system 3600 and into the
environment with or without the need to mtroduce a liquid-
reductant agent into the selective catalytic reduction filtra-
tions systems 3602, 3608. The first and second SCRs 3602,
3608 cach, respectively, may include a filter 3614, 3613 that
may include a plurality of honeycomb shaped openings
coated with one or more noble metals 3616, 3617, a plurality
of rods 3618, 3619 formed of a metal or alloy that may
extend longitudinally through the honeycomb structure and
one or more magnets 3620, 3621. Additionally or alterna-

tively, the rods 3618, 3619 may extend to traverse about the
filter 3614, 3615. The rods 3618, 3619 and noble metal

coating 3616, 3617 (such as described above 1 FIG. 2B)
tacilitates rapid heating of the first and second SCRs 3602,

3608, and ensure the internal temperature across the filters
3614, 3615 1s maintained. The magnets 3620, 3621 may be

arranged and disbursed within the filters 3614, 36135 to aid,

through their polarity, to further disrupt and slow the flow of

exhaust gases and particulates as they pass over the filters
3614, 3615 by increasing the electric current 1n the vicinity
of the magnets 3620, 3621 to allow for heating of the
exhaust gases for a longer period of time within each
respective selective catalytic reduction system 3602, 3608
and 1 turn further oxidization and reduction of toxic
byproducts of exhaust gases. Additionally or alternatively,
the placement of the magnets 3620, 3621 within the filter
3614, 3615, the magnets 3620, 3621 may be arranged
adjacent to the filters 3614, 3615 and/or external each
respective selective catalytic reduction system 3602, 3608
housing. While two selective catalytic reduction systems
3602, 3608 are shown, exhaust system 3600 may include a
single selective catalytic reduction system 3608 1in the
housing 3609.

FI1G. 37 depicts an exhaust system 3700 for a lawnmower.
As shown, an electric heater 3702 and a selective catalytic
reduction filtration system 3704 may be arranged within an
exhaust housing 3706. The heater 3702 may be arranged to
extend within the housing 3706 upstream within the housing
3706 with the SCR 3704 located downstream of the heater
3702. The heater 3702 may be configured to operate using
the desired voltage (e.g., 6-45 amps) of the vehicle. When
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the lawnmower and/or another machine do not operate on a
battery the heat may be supplied by the engine instead of
using a heater.

The SCR 3704 like the selective catalytic reduction
filtration systems discussed above, may be configured to
reduce nitrogen oxide gases by oxidizing and converting
them 1nto harmless exhaust emissions that are emitted out of
the exhaust system 3700 and into the environment with or
without the need to mtroduce a liquid-reductant agent into
the selective catalytic reduction filtration system 3704. The
selective catalytic reduction system 3704 includes a filter
3708 that may include, similar to the foregoing embodi-
ments, a plurality of honeycomb shaped openings, may be
coated with one or more noble metals 3710 (such as
described above in FIG. 2B), includes a plurality of rods
3712 formed of a metal or alloy that extend longitudinally
through the honeycomb structure and one or more magnets
3714 arranged within the filter 3708. The heater 3702, rods

3712, metal coating 3710 and magnets 3714 may operate
similar to the function(s) as discussed above with regard to
the exhaust systems of the foregoing embodiments of the
present disclosure. Additionally or alternatively, the magnets
3714 may be arranged adjacent to the filters 3708 and/or
external the housing 3706 of the exhaust system 3700.
FIG. 38 depicts an exhaust system 3800 for a non-battery
operated machinery that utilizes a fossil fuel. As shown, a
selective catalytic reduction filtration system 3802, which
may or may not utilize a liquid-reductant agent, includes a
filter 3804 that may be arranged within a housing 3803 and
that may include a plurality of honeycomb shaped openings,
may be coated with one or more noble metals 3806 (such as
described above in FIG. 2B), and may include a plurality of
rods 3808 formed of a metal or alloy that extend longitudi-
nally through the honeycomb structure and one or more
magnets 3810 arranged within the filter 3804. The rods
3808, metal coating 3806 and magnets 3810 may perform
substantially similar function(s) as discussed above with
regard to the exhaust systems of the foregoing embodiments
with the difference with respect to the exhaust system 3800
that the elements may not be heated within the housing

3803. Additionally or alternatively to the placement of the
one or more magnets 3810 within the filter 3804, the
magnets 3810 may be arranged adjacent to the filters 380
and/or external to the housing 3803 of the exhaust system
3800.

The embodiment shown 1n FIG. 39 illustrates an exhaust
system for a power plant and steel plant or any similar plants
having a smokestack, such as an exhaust system for a coal
burning apparatus, device or the like. Those features shared
with FIG. 34 will not be re-discussed here.

The new features of FIG. 39 include a coal burning and
steel manufacturer and any other manufacturing facility that
uses a smoke exhaust system 3100 having, among others, a
dosing system that focuses on oxides of nitrogen (NOXx)
reduction capabilities to support application ranges from low
to high flow selective catalytic reduction (SCR) dosing
applications, and numerous other features of the smoke
stack for reducing emission of sulfur dioxide (SO, ) and NOx
from the power plant.

The dosing system may include, among other features, a
dosing solution tank 003, controller 001, and a dosing
solution 1njector 00335. The dosing solution tank 003 may
contain a dosing solution of, for example, urea, salt water, or
ammonia, among other possible solutions. The dosing solu-
tion facilitates reduction of nitrogen oxides present in the
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system and 1s preferably injected as an aqueous reducing
agent nto the exhaust gas upstream of an SCR catalytic
converter.

The dosing solution tank 003 includes a fill opening with
cap and a pump 002 coupled to the controller 001. The
dosing solution tank 003 1s not limited to any particular size,
e.g., S00 gallons, 2000 gallons, or any desired size. The
output of the pump 1s coupled to the cosing injector 0035.
The dosing 1injector 0035 may be an off the shelf mjector to
meet the system requirements or a custom designed 1njector
based on the system requirements. The controller 001 may
also include system wiring for power, data, and communi-
cations, although wireless coupling of the data and commu-
nication are also contemplated.

As previously described herein, one or more heaters may
be added to the selective catalytic reduction (SCR) filtration
system. Additionally, any added heater may be paired with
a dosing mjector 0035 at one or more of the locations such
that the injected treatment solution passes through the
heater. The coal burning exhaust system may also include at
least one sensor, such as a gas temperature (heat) sensor or
an O,flow sensor. Other embodiments may have one or both
of a gas temperature (heat) sensor or an O,tlow sensor at one
or more of the locations. The output of each of these sensors
1s received by the control unit to determine the temperature
of the heaters and/or the duty cycle of the injectors. The
dosed treatment solution (e.g., dose) may be sent from the
controller 001 through feeder line 09, and dose overtlow and
air are bled through dose overflow line 08. Likewise, the
tank may have an overflow and air bleed line 008, or similar
pressure-control valve for controlling the flow of the dosed
treatment solution.

As shown 1n FIG. 39, the dosing 1njector 0035 provides
dosing solution (e.g., urea, salt water or ammonia) to the
heater which has been heated to a suflicient vaporizing
temperature depending on the environment and system. The
dosing solution 1s vaporized and thus produces steam into
the system. This lowers the combustion temperature, which
if low enough, reduces the concentration of thermal NOx
formed. The temperature of the heater and the active time of
the treatment solution injection may be monitored and
controlled by the controller 001. For example, the most
cilicient heater temperature would be from 400 degrees F. up
to any desired temperature, such as a maximum of 1800
degrees F. For example, the active time of the dosing
solution 1njection 1s typically one dose for every minutes.
The number of 1njections may vary, including multiple dose
injections depending on the system. The time may vary,
including more or less than every 15 minute depending on
the system. But the system will work at a lower or higher
concentration.

Similar to the exhaust system of FIG. 34, but with
additions, FIG. 39 illustrates a plurality of filters 300/400/
500 that include a honeycomb structures and chutes that
direct unburned particles (e.g., coal) to a waste bin 4000 1n
which the unburned particles are disposed, an additional
metal filtration system 400, a second electric blower 601,
and a smoke stack through which clean gases exit into the
environment.

The smoke stake of FIG. 39 may include a dual shell
design to improve etliciency and environmental consider-
ations. Specifically, the smoke stack of FIG. 39 includes an
inner and an outer shell separated by gap 1n which fresh air
1s blown utilizing blower motor 39602 and fresh air feeder
pipes 000. This air passage cools the second (outer) shell of
the smoke stack. The dual shell smoke stack may be defined
by an mner stack 92 through which all the exhaust from the
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exhaust system 1s passed, and an outer shell 90 which 1s
exposed on one side to the outside environment, as well as

an air void 80 located between the inner stack 92 and outer
shell 90 that allows fresh air to be blown there through

keeping the outer shell 90 relatively cool to the environment.
The 1nner shell may also include a heat pad 93 to assist 1n
keeping the heat within the mnner shell.

FIG. 40 shows a top view of the smoke stack and helps to
illustrate the exhaust duct 4, the heat pad 3 (93), the 1mnner
duct 1 (92), and fresh air opening 2 between the inner duct
1 and the outer duct. The 1nner duct 1 may be formed with
steel as opposed to the more expensive brick construction.
The heat pad 3 may include an aluminum backing and be
installed to the inner duct 1 withstanding temperatures up to

2200 F or higher.

As noted above, the foregoing design eliminates the high
cost of brick constructed smoke stack, which deteriorate
over time. The mner duct 1 along with the heat pad 3 keeps
the heat concentrate to the inside where the exhaust can
continue to be processed. Furthermore, the fresh air gap
betfore the second duct means the outwardly facing second
duct 1s low temperature, safe to touch by environmental
organisms (e.g., birds), has less mechanical upkeep, and
does not deteriorate quickly due to large temperature fluc-
tuations. For convenience, the following list identifies the
teatures disclosed 1n FIG. 39 according to an embodiment of
the 1nvention:

001——controller

002—dose level controller and dose liquid pump to

controller

003—dosing solution tank

008—overtlow line and air bleeder

08—dose overtlow line from dosing injector
09—feeder line

0035—dosing 1njector

12—heat sensor

10—wires (e.g.,
negative)

79—main electrical box and safety box

400—SCR noble metallic coated SCR {ilter with a heater
same time for NOX

300——ceramic noble metallic filter (e.g., serves same
purpose as oxidation catalytic)

500—heated ceramic particular filter

13—heat sensor and safety sensor

39600—blower motor (e.g., variable blower motor)

14—steam and temperature sensor

25——¢lectrical heater

26—SCR metallic catalytic converter system

277—mparticulate filter

28—NOx storage filter

010—negative electrical cable

3000—second filter housing

4000—dust and unburned coil dust collector

00—1iresh air feeder pipes for the second opening of
smoke duck

39601—second blower motor

39602—blower motor for the fresh air between the main
smoke duck and second housing

89— {irst housing smoke duct opening

90—second outer shell smoke duct

80—between the 2-shell opeming for fresh air blowers
true to keep the outer shell cooler

93— heat pat (e.g., with aluminum backer installation to
the first smoke duct)

7000—magnet(s)

8000—heat pad

9000—i1nner shell

0112—outer shell

positive electrical connecter wires and
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For convenience, the following list identifies the features
disclosed i FIG. 40, which 1llustrates a top view of the
smokestack shown in FIG. 40 according to an embodiment
of the mvention:

1—inner steel smoke duct housing

2—1resh air duct opening,

3—heat pad with aluminum wrap (attached to the inner

shell)

4—first body smoke duct housing opening

The foregoing description and accompanying drawings
illustrate principles, exemplary embodiments, and modes of
operation of the present invention. However, the present
invention should not be construed as being limited to the
particular embodiments disclosed herein. Vanations to the
embodiments discussed above will be appreciated by those
skilled 1n the art without departing from the scope of the
invention. Accordingly, the above-described embodiments
and accompanying drawings should be regarded as 1llustra-
tive rather than restrictive.

What 1s claimed 1s:

1. An assembly for improving an exhaust system com-
prising;

a heater configured to be coupled to a controller, the
heater configured to be connected to the exhaust system
to heat exhaust gases, the heater comprising:

a housing,

a connection pipe configured to connect the heater to a
component of the exhaust system,

a heating element coupled to the controller,

a temperature sensor to detect a temperature inside the
housing and transmit a corresponding signal to the
controller, and

a dosing solution injector coupled to the temperature
sensor via the controller, the dosing solution 1njector
configured to spray a dosing solution inside the
housing based on the transmitted signal to generate
vapor to flow through the connection pipe to the
component;

a magnet configured to be arranged adjacent to an exterior
surface of the component to generate a magnetic field
inside the component and aid in disruption and slowing
of a flow of the exhaust gases in the component; and

a second heater arranged to heat the exhaust gases prior to
the exhaust gases flowing through an inlet port of the
component or after the exhaust gases have passed
through an outlet port of the component.

2. The assembly of claim 1, wherein the component 1s one
or more of the following: a catalytic converter, a diesel
oxidation catalyst, a diesel particulate filter (DPF), and a
selective catalytic reduction system (SCR).

3. The assembly of claim 1, wherein the component 1s two
or more ol the following: a catalytic converter, a diesel
oxidation catalyst, a diesel particulate filter (DPF), and a
selective catalytic reduction system (SCR).

4. The assembly of claim 1, further comprising a dosing,
solution reservolr that houses the dosing solution and 1s
coupled to the dosing solution 1njector.

5. The assembly of claim 1, further comprising a dosing
solution distributor located downstream of the dosing solu-
tion injector and configured to distribute the dosing solution
spray, sprayed by the dosing solution injector.

6. The assembly of claim 1, further comprising a gas
sensor configured to be coupled to the component to trans-
mit a corresponding signal to the controller.
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7. The assembly of claim 1, wherein the controller 1s a
dedicated controller configured to control the assembly.

8. The assembly of claim 1, wherein the heating element
1s a heating wire.

9. The assembly of claim 1, wherein the second heater
COmprises:

a second heater housing;

a first terminal and a second terminal configured to be
clectrically coupled to a power supply via an exterior of
the second heater housing;

a heating wire coupled to the first and second terminals;

a filter aflixed within the second heater housing; and

a plurality of heating rods inserted through one or more
openings in the filter, the heating rods configured to
conduct heat from the heating wire to the filter, at least
one of the heating rods to support the heating wire
disposed outside of the filter, wherein the plurality of

heating rods are configured to conduct heat from the
heating wire to the filter.

10. The assembly of claim 9, wherein the second heater 1s
configured to receive first signals from the controller to
control an amount of current supplied to the second heater
and a timing in which the current 1s supplied to the second
heater, whereby the supplied current and the timing are
based on one or more sensors located within the exhaust
system or the second heater.

11. The assembly of claim 9, wherein one or more of the
plurality of heating rods extend through two ends of the

filter.

12. The assembly of claim 9, wherein the second heater
housing includes a second heating wire displaced from the
heating wire.

13. The assembly of claim 12, wherein the heating wire
and the second heating wire are displaced in two parallel
planes.

14. The assembly of claim 9, wherein one or more of the
plurality of heating rods comprise a rod portion and a tip
portion.

15. The assembly of claim 14, wherein the one or more tip
portions are formed at ends of one or more of the plurality

of the heating rods.

16. The assembly of claim 15, wherein the one or more tip
portions are configured to conduct heat from the heating
wire to the filter.

17. The assembly of claim 16, further comprising: one or
more fasteners disposed at the one or more tip portions, the
fastener configured to support the heating wire.

18. The assembly of claim 17, wherein the one or more
fasteners are formed of an insulative material such that
clectrical current does not transier from the heating wire to
the heating rod.

19. The assembly of claim 9, wherein the heating rods
comprise at least two lengths.

20. The assembly of claim 1, further comprising a second
temperature sensor to detect a temperature in the component
and transmit a corresponding signal to the controller,
wherein the controller 1s configured to transmit a signal to
the dosing solution injector to spray the dosing solution
when a predetermined temperature in the component 1s
detected.

21. A method for installing an assembly for improving an
exhaust system comprising;

attaching a heater configured to be coupled to a controller,

the heater configured to be connected to the exhaust
system to heat exhaust gases, the heater comprising:




US 12,116,918 B2

45

a housing,

a connection pipe configured to connect the heater to a
component of the exhaust system,

a heating element coupled to the controller,

a temperature sensor to detect a temperature inside the
housing and transmit a corresponding signal to the
controller, and

a dosing solution injector coupled to the temperature
sensor via the controller, the dosing solution 1njector
configured to spray a dosing solution inside the
housing based on the transmitted signal to generate
vapor to flow through the connection pipe to the
component;

attaching a magnet configured to be arranged adjacent to
an exterior surface of the component to generate a
magnetic field inside the component and aid 1n disrup-
tion and slowing of a flow of the exhaust gases in the
component; and

attaching a second heater to heat the exhaust gases prior
to the exhaust gases flowing through an inlet port of the
component or after the exhaust gases have passed
through an outlet port of the component.

22. The method of claim 21, wherein the exhaust system
1s a vehicle exhaust system, and the component 1s one or
more of the following: a catalytic converter, a diesel oxida-
tion catalyst, a diesel particulate filter (DPF), and a selective
catalytic reduction system (SCR).

23. The method of claim 21, wherein the second heater
COmMprises:

a second heater housing;

a first terminal and a second terminal configured to be
clectrically coupled to a power supply via an exterior of
the second heater housing;

a heating wire coupled to the first and second terminals;

a filter athixed within the second heater housing; and

a plurality of heating rods inserted through one or more
openings in the filter, the heating rods configured to
conduct heat from the heating wire to the filter, at least
one of the heating rods to support the heating wire
disposed outside of the filter, wherein the plurality of

heating rods are configured to conduct heat from the
heating wire to the filter.

24. The method of claim 23, wherein the second heater 1s
configured to receive first signals from the controller to
control an amount of current supplied to the second heater
and a timing in which the current 1s supplied to the second
heater, whereby the supplied current and the timing are
based on one or more sensors located within the exhaust
system or the second heater.

25. The method of claim 21, further comprising a second
temperature sensor to detect a temperature 1n the component
and transmit a corresponding signal to the controller,
wherein the controller 1s configured to transmit a signal to
the dosing solution injector to spray the dosing solution
when a predetermined temperature in the component i1s
detected.

26. A method for improving an exhaust system compris-
ng:

receiving, at a heater, a current in response to a signal
from a controller;

generating heat, via the heater, mside a component of the
exhaust system:;

injecting, via a dosing solution injector, a dosing solution
into the heater:

generating, by the heater, a vapor comprising the dosing
solution;
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directing, by the heater, the vapor into the component;

generating, by a magnet, a magnetic ficld inside the
component;

disrupting and slowing, by the magnet and magnetic field,
an exhaust gas flow 1n the component; and

generating heat, via a second heater arranged within the
exhaust system to heat the exhaust gases prior to the
exhaust gases flowing through an inlet port of the
component or after the exhaust gases have passed
through an outlet port of the component.

277. The method of claim 26, wherein the heater comprises

a plurality of heating elements.

28. The method of claim 27 further comprising:

generating, by a heat sensor, a temperature signal corre-
sponding to a temperature of the heater;

transmitting, by the heat sensor, the temperature signal to
the controller; and

recerving, by the heater, a second current based on the
temperature signal.

29. The method of claim 28 further comprising:

generating, by a gas sensor, a gas signal corresponding to
a composition of the exhaust gas flow within the
component;

transmitting, by the gas sensor, the gas signal to the
controller; and

recerving, by the heater, a third current based on the gas
signal and the temperature signal.

30. The method of claim 29 further comprising:

generating, by a second gas sensor, a second gas signal
corresponding to a second composition of the exhaust
gas flow within a second component;

transmitting, by the second gas sensor, the second gas
signal to the controller; and

receiving, by the heater, a fourth current based on the gas
signal, the second gas signal, and the temperature
signal.

31. The method of claim 26, wherein the second heater

COmMprises:

a second heater housing;

a first terminal and a second terminal configured to be
clectrically coupled to a power supply via an exterior of
the second heater housing;

a heating wire coupled to the first and second terminals;

a filter athxed within the second heater housing; and

a plurality of heating rods inserted through one or more
openings in the filter, the heating rods configured to
conduct heat from the heating wire to the filter, at least
one of the heating rods to support the heating wire
disposed outside of the filter, wherein the plurality of

heating rods are configured to conduct heat from the
heating wire to the filter.

32. The method of claim 31, wherein the second heater 1s
configured to receive first signals from the controller to
control an amount of current supplied to the second heater
and a timing 1n which the current 1s supplied to the second
heater, whereby the supplied current and the timing are
based on one or more sensors located within the exhaust
system or the second heater.

33. The method of claim 26, further comprising a second
temperature sensor to detect a temperature 1n the component
and transmit a corresponding signal to the controller,
wherein the controller 1s configured to transmit a signal to
the dosing solution injector to spray the dosing solution

when a predetermined temperature in the component 1s
detected.
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